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ABSTRACT 
The aim of this work was to investigate the nutrition of a popular ornamental fish, the swordtail 
(Xiphophorus helleri), under intensive aquaculture conditions. The study focused on the 
formulation and manufacture of artificial dry diets, as well as the influence of livefeed 
supplementation on growth and nutritional indices of both juvenile and broodstock fish. 
A combination of 65% fishmeal and 35% soya oil cake meal was found to closely approximate 
the essential amino acid profile of X helleri (r2 = 94,3%) and lysine was identified as the first 
limiting amino acid. The influence of dietary protein and energy on the growth of X helleri was 
investigated by means of a growth trial comparing a range of nine test diets combining 3 crude 
protein (45,38 and 30%) and 3 digestible energy (16,5, 14,5 and 12,5 kJ/gram) levels. A high 
crude protein content (45% dry matter) and a protein to energy ratio of" 27 mg protein per kJ 
digestible energy was shown to promote optimal growth rate and feed conversion ratio in juvenile 
X helleri. The final body protein and lipid content of the fish were significantly correlated with 
the dietary protein to energy ratio. 
The nutritional value ofidentical dietary formulations prepared by drum-drying or cold extrusion 
techniques and presented either as flake or crumble particles was evaluated in a growth trial and 
tlnough analysis of vitamin C levels in the diets. Up to 27 % of vitamin C activity was destroyed 
during the drum-drying of flake diets, while 80 % of the remaining vitamin C was lost through 
leaching within 10 minutes of immersion in water. A crumble-type diet was shown to be 
acceptable to X helleri, and yielded significantly better growth rate and feed conversion than the 
equivalent flake feed. Almost 19% of fish fed the flake diets developed vitamin C deficiency 
symptoms including scoliosis and lordosis, while this was completely prevented by feeding 
crumbles, indicating a significant restriction ofleaching losses from this type ofparticle. 
The use of live feed (Daphnia spp.) as a daily supplement to dry feeds was shown to result in a 
significant improvement in growth rate and survival of juvenile swordtail fish. Furthermore, the 
synergistic action of nutrients contained in the livefeed resulted in an improvement in the feed 
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conversion efficiency of the artificial formulation. While mortalities of 13,4% and 15% were 
recorded io fish fed exclusively on flake feed or Daphnia, no mortality occurred io the group fed 
the supplemented diet. Furthermore, the iocidence of vitamio C deficiency symptoms was 
prevented by daily supplementation with Daphnia. Fish fed exclusively on Daphnia exhibited 
significantly more iotense pigmentation due to carotenoids contaioed io the livefeed. 
In broodstock fish maiotaioed primarily on flake diets, growth rate, feed conversion ratio as well 
as reproductive performance, as measured by fecundity, were significantly improved by daily 
livefeed supplementation. Weekly supplementation showed no measurable advantage over flake 
feed only. A direct correlation was demonstrated between fecundity and size of female fish with 
a mean fecundity of 190 embryos per female io those fed a daily Daphnia supplement. This was 
significantly higher than the yield from the non-supplemented or weekly supplemented treatments 
(133 and 140 embryos per female respectively). Despite these differences, the number of young 
harvested duriog the experiment did not differ between treatments and this discrepancy was 
ascribed to parental cannibalism of newborn juveniles. This phenomenon constitutes a major 
potential bottleneckio production with estimates of up to seventy percent of young lost io some 
exp erimental tanks. 
In conclusion, the present study demonstrated that established aquaculture nutrition principles 
and techuiques are applicable to the tropical ornamental fish species, X helleri. It was 
demonstrated that by usiog balanced crumble feed formulations, and regular livefeed 
supplementation, production yields under iotensive conditions may be significantly improved. 
Suggestions for future work on poeciliid production io South Africa ioclude iovestigation of the 
economic implications of the recommendations stemming from this project, and further research 
ioto effective restriction of parental cannibalism of newborn fish. 
CHAPJERI 
INTRODUCTION 
mSTORlCAL PERSPECTIVE AND MOTIVATION FOR RESEARCH 
On a global scale the aquarium fish trade has been relatively static in recent years, as evidenced 
by the stable fish prices realized on international markets (Bleher, 1993). Cheong (1993) 
estimated the world trade in ornamental fish to be approximately 1,5 billion fish per annum. In 
the United States, the world's largest importer of aquarium fish, the market has experienced 
gradual growth with imports of over $500 million worth offish per year (Shariff and Subasinghe, 
1992). Production of ornamental fish in South Africa constitutes an important sector of the 
overall aquaculture industry in the country. On the basis of generated income, it is third overall, 
after the trout and mussel industries (Hecht et ai., 1992), with a product gate value ofR5 million 
(Britz and de Kock, 1994). As a result of the stable nature of the market for ornamental fish, 
expansion in the production sector would require new marketing channels to be established, and 
on an intemational basis, market share captured from other producers. To achieve this goal, South 
African producers need to offer a larger variety and volume of quality fish in order to compete 
with foreign producers, in particular those in Asian countries such as Singapore. Asian producers 
are increasingly experiencing a number ofpotentially restricting environmental factors, including 
deteriorating water quality and emergence of fish diseases, which may adversely affect their 
competitiveness. This may in tum increase the demand for South African produced fish, provided 
a quality product is offered at a competitive price. 
The present project was undertaken in collaboration with Amatikulu Hatchery (Pty.) Ltd., the 
largest producer of ornamental fish in South Africa. The project formed part of an ongoing 
research and development effort aimed at increasing fish production and quality. Amatikulu 
Hatchery currently produces in excess of eighty different fish species and strains (Hecht et ai., 
1992). The bulk of South African ornamental fish producers, including Amatikulu Hatchery, are 
situated in the subtropical areas of northern Kwazulu-Natal. Despite the cooler water 
temperatures elsewhere in the country, entrepreneurs are increasingly establishing ornamental fish 
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farms, utilising heated and insulated recirculating production systems. 
Dfthe aquarium fish species produced in South Africa, approximately one quarter belong to the 
family Poeciliidae (Cyprinodontiformes), the livebearing toothcarps. In Singapore, the largest 
ornamental fish exporter in the world, twenty percent of the fish produced belong to this family 
(Fernando et al., 1991). These fish, which include the swordtail (Xiphophorus heUeri), guppy 
(Poe cilia reticulata), rnollies (P. velifera and P. sphenops) and platies (X variatus and X 
maculatus) are traditionally among the most popular species in the aquarium trade. 
At Amatikulu Hatchery, the livebearers are farmed by independent "satellite" farmers, each 
producing two or more strains under contract. Each farmer owns a unit within an "aquaculture 
park" of 15 farmers. Each unit comprises four breeding tanks (4000 I), nine grow-out tanks 
(12500 1), and 5 smaller holding tanks (2000 1). The tanks function on a flow-through system, 
with ground water supplied directly from a borehole. A simple removable downpipe acts as a 
drainage port. Aeration is provided in the smaller tanks. The entire complex is enclosed in a 
cover of nylon shadecloth, primarily aimed at excluding predatory birds. 
The motivation for research into livebearer production was based on a realisation that potential 
yields were not being achieved. Examination of production figures for the year prior to initiation 
of this project, revealed that of the poeciliid fish produced at Amatikulu Hatchery, the swordtail 
exhibited markedly lower production levels than the other species, despite the stocking of 
equivalent numbers of brood stock. TIlls could be attributed either to lowered fecundity, or post-
partalloss of fiy. The swordtail was thus selected for use as a research model during this project. 
Interviews with the funners and Amatikulu Hatchery management, and examination of the culture 
system revealed that low winter temperatures (minimum water temperature: 11°C), nutrition and 
cannibalism appeared to be the major factors adversely affecting production. A decision was 
made to shifl production into insulated plastic tunnels to overcome the temperature problem, and 
nutrition was chosen as the focus of the present study. In addition, an attempt was made to 
quantifY the rate of canuibalism during nutritional trials with broodstock fish. 
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X HELLER! AS A RESEARCH MODEL: NATURAL HISTORY AND BIOLOGY 
X helleri is classified as a generalized poeciliid and is typical of most of the livebearer species 
common in the aquarium trade (Thibault an Schultz, 1978). It should thus be possible to apply 
the recommendations stemming from this research to other species, in particular the closely 
related X maculatus and X variatus, the platy fish. Historically, most studies involving poeciliid 
fish have been performed under laboratory conditions, investigating aspects of genetics or 
physiology (Meffe and Snelson, 1989). While the genetics of X helleri is well understood, it's 
ecology and natural history remains largely undocumented (Meffe and Snelson, 1989). 
X helleri (Heckel 1848) originates in northern South America, with a range extending from Rio 
Nautla, Veracruz in the north, sonthward to northern Honduras (Rosen and Bailey, 1963). 
Numerous naturally occurring genetic strains occur as a result of isolation of small populations 
of fish in a wide variety ofbiotypes. Typical habitats range from the margins of inland lakes, 
swamps, and rivers to the riparian zones of fast-flowing high altitude streams, either overgrown 
or lacking in vegetation. As a result of the variety of forms, three separate subspecies were 
initially distinguished, X helleri helleri, X helleri strigatus and X helleri guentheri. These are 
all now synonomised as X helleri, the green swordtail. 
Swordtails have been known in the aquarium trade since 1909, and were first popularized in 
Germany. Over the years, many forms, varying in colour and fin shapes have been developed both 
through selective breeding and hybridization, especially with X maculatus. These two species 
freely interbreed in captivity, producing fertile young. Interestingly, although these species 
coexist commonly in the wild, hybridization has not been recorded (Stevens, 1983). 
In nature swordtails are omnivorous, their diet including aquatic and terrestrial invertebrates, as 
well as plant (both macrophyte and algal) matelial (Althrington, 1989). 
Poeciliid fishes, although all viviparous, display a wide variety of reproductive adaptations within 
the family. In mature males the third, fourth and fifth rays of the anal fin are modified to form an 
intromittent organ, the gonopodium, used for internal fertilization of the female fish. Sperm is 
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transferred to the female genital tract in sperm bundles (spermatozeugmata) where it may be 
stored and possibly nourished for up to six months, effectively allowing numerous broods to be 
fertilized from a single mating (Meffe and Snelson 1989). In females, the ovaries are fused into 
a single large organ, which when filled with ova or embryos may occupy most of the peritoneal 
cavity. Fertilization occurs within the egg follicles, and the developing embryos remain in the 
follicle until shortly before birth. 
Like most other fish species, X helleri are classified as lecithotrophic, and the nutrients used by 
the embryo during gestation are stored within the ova as yolk prior to fertilization. A simple 
placental barrier exists, consisting of a chorion formed by the expanded pericardial sac and an 
amnion, the pericardial sac's inner wall (Meffe and Snelson, 1989). Maternal contribution during 
gestation is restricted largely to gaseous exchange and supply of minerals. By contrast, in 
matrotrophes, such as Heterandriajormosa the placental barrier is far more complex, forming a 
so-called pseudo- or follicular placenta, allowing extensive maternal nutrient contribution during 
gestation. 
In generalised species, including X helleri, all embryos within a brood are at a similar stage of 
development at the end of the gestation period, and ovulation occurs shortly before parturition. 
The embryo then moves into the ovarian cavity, down the gonoduct and into the environment. 
The entire clutch are born within a matter of hours. In certain of the specialized species, 
superfetation occurs, and groups of embryos of various developmental stages occur 
simultaneously within the ovary. In these species smaller broods of young are born more 
frequently. 
Brood size in X helleri may range from twenty to over two hundred, depending on the size of 
the female, and environmental conditions (Meffe and Snelson, 1989). The gestation period has 
been determined as thirty five days (Siciliano, 1972), but the interbrood interval may vary between 
four and six weeks, depending on environmental circumstances, particularly water temperature. 
The variation in interbrood interval in generalised poeciliids is determined by the length of the 
period between parturition and subsequent fertilization, the yolk loading period (Snelson et aI. , 
1986). Female fish attain sexual maturity at four to six months of age. 
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RESEARCH APPROACH 
Correct nutrition is essential for optimal reproductive success, growth and health of fish. The 
specific nutritional requirements will depend on the fish species under consideration. Published 
information regarding diets fed to ornamental fish in co=ercia1 aquaculture is scant. In 
Singapore, swordtails are fed on diets formulated by farmers according to individual preferences, 
and are generally based on fish mea~ wheat flour and skim milk. These diets contain a protein 
content of between 18,3 and 26,3 % crude protein (dry weight). Much emphasis is placed upon 
the regular supplementation of diets with livefood, including cladocerans such as Daphnia sp. and 
tubificiid worms (Fernando et ai., 1991). This is considered particularly important in broodstock 
fish. 
All fish produced at Amatikulu Hatchery were fed a staple drum-dried flake diet produced by a 
feed fuctory on the farm. A few of the furmers fertilised their ponds prior to stocking in order to 
stimulate primary production, thus supplementing the available food supply with naturally 
occuning phyto- and zooplankton. Three areas were investigated in order to produce an optimal 
diet for poeci1iids: dietary formulation with respect to protein and energy content, the processing 
technique employed, and the possible benefits of live feed supplementation. To ensure that the 
results of this study were of relevance to the fitrmers, research was designed around the resources 
available on the farm. In as far as possible, diets were made from practical feed ingredients, using 
the available co=ercia1 feed manufacturing processes. In work on livefeeds, Daphnia sp., a 
livefeed already produced on the farm was evaluated as a supplement to the fishes staple flake 
feed diet. 
Since a balanced supply of protein and amino acids is essential for optimal growth, health and 
reproductive success in fish (Wilson, 1989), and protein is the most cost sensitive dietary 
ingredient, the essential amino acid and protein requirements of X helleri were initially focused 
upon. Fish require a protein source which will provide a well-balanced mixture of essential and 
non-essential amino acids. Using the essential amino acid profile of X helleri and various 
practical protein sources, a guide to its requirement pattern was determined. These results were 
used to formulate an "ideal" protein source for inclusion in test diets. In order to determine the 
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optimal dietary protein content, and protein to energy ratio for swordtails, an experiment was 
designed comparing diets containing a range of protein and energy levels. As fish eat to satisfY 
their energy demands (Lee and Putnam, 1973), it is important to establish an optimum ratio 
between dietary protein and energy, in order to avoid wastage of protein (metabolized via 
gluconeogenesis for energy production), depressed feed consumption, or suboptimal growth. 
A need had been identified within the ornamental aquaculture industry for the development of a 
pellet or crumble type feed which would be more stable in water than the flake formulation 
employed at Amatikulu Hatchery (Hecht and Britz, 1990). As concern existed regarding the 
possible loss of nutrients through heat degradation during the drum-drying process, or via 
leaching from the flake diet, research was planned comparing the nutritional value of feeds 
produced via different processing methods. A growth trial was thus designed to evaluate two 
aspects of the artificial feed: the effect of heat versus cold processing, and the hypothesis that a 
crumble diet may be more effective in retaining its nutritional value than a flake feed. Vitamin C 
was selected as an indicator of nutrient loss for this work, as it is a heat-labile, water soluble 
essential nutrient producing macroscopically visible deficiency symptoms. 
As livefeeds are commonly considered by aquaculturalists to effectively stimulate improved 
production and growth when used as a supplement to formulated feeds, the influence of Daphnia 
sp. supplementation on the growth and survival of juvenile swordtails was investigated. Besides 
these parameters, this trial was designed to evaluate the efficacy of Daphnia sp. supplementation 
in preventing flake-induced vitamin C deficiency symptoms, as well as its effect on the 
pigmentation of the fish. 
In view of the perceived low fecundity of X helleri broodstock at Amatikulu Hatchery, and in 
recognition of the fact that the level and quality of nutrition are critical in achieving optimal 
reproductive success in fish (Wootton, 1982), a trial was planned evaluating the growth and 
fecundity of brood stock fish. Diets of drum-dried flake feed combined with various levels of 
livefeed supplementation were evaluated. This experiment was also used to evaluate the rate and 
importance ofparental cannibalism of new born fish. 
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Based on the results and obselVations stemming from the experimental work carried out during 
the course of this project, recommendations are made for the nutritional management of X 
helleri, maintained under intensive farming conditions. ObselVations concerning broodstock 
husbandry techniques are also included. 
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CHAPTER 2 
AMINO ACID REQUIREMENTS OF SWORDTAILS AND FORMULATION OF AN 
"IDEAL" PROTEIN FROM PRACTICAL FEED INGREDIENTS. 
INTRODUCTION 
Fish, in common with other vertebrates, require ten essential amino acids (EAA) in their diets. 
These include arginine (arg), histidine (bis), isoleucine (ile), leuc.ine (leu), lysine (lys), methionine 
(met), threonine (thr), tryptophan (trp), phenylalanine (phe) and valine (val) (Steffens, 1989). It 
is generally accepted that cystine spares part of the methionine requirement in some fish (Ketola, 
1982), and although not conclusively proved, tyrosine probably has a sparing effect on 
phenylalanine in fish diets. Very little work has been published regarding the amino acid or 
protein requirements of omamental fish species, and no reference to the precise amino acid needs 
of X helleri or other poeciliid fish species was available. As an understanding of the balance of 
essential amino acids required by a species is fundamental to the fOlmulation of an optimal diet, 
an investigation was undertaken to detemIine the ideal propOltions ofEAA required for inclusion 
in a swordtail diet. Based on this requirement, an "ideal" protein was formulated from practical 
ingredients, for use in the subsequent investigation into the protein and energy requirements of 
X helleri. 
The quantitative requirement for each individual amino acid varies considerably between fish 
species, as may the ratio between the amino acids. Requirements have been calculated for a 
number of aquaculture species, including various salmonids, lctalurus punctatus, Anguilla sp., 
Sparus aurata and Cyprinus carpio (Wilson, 1985). These results have been obtained by various 
methods, including the use of test diets containing crystalline amino acids (Mertz, 1972), or in 
some cases by using radioactive-labelled amino acids (Walton et al., 1984). Since the 
detemIination of quantitative EAA requirements of fish by means of growth trials is very exacting, 
and has only been established for a limited number of fish, an alternative approach has become 
established. It is now widely accepted (Wilson, 1985; Benitez, 1989) that the amino acid profile 
of a species, which is readily analysed using ion-exchange chromatography and spectrophotometry 
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(Benitez, 1989), gives a reasonable indication of the balance of dietary amino acids required. 
Thus, for "new" aquaculture species such as X helleri, about which very little is known 
nutritionally, this assumption can be used to provide an approximation of the ideal dietary EAA 
balance. By combining protein rich feed ingredients to match the essential amino acid profile of 
the organism under investigation, an "ideal" protein can be formulated for inclusion in artificial 
diets. 
The amino acid profile of whole body tissue of X helleri, the staple Arnatiknlu HatchelY farm 
flake , and selected practical feed ingredients were determined in order to formulate a protein 
source for this species. Two protein sources, fishmeal (Danish low-temperature treated) and soya 
oil cake meal, were selected, after preliminary investigation into their essential amino acid profiles. 
This was due to their common use in practical fish feeds, availability, cost and the relative balance 
between the EAA present in each. 
MATERIALS AND METHODS 
Quantitative amino acid determination was performed on a Beckman 6300 High Performance 
Analyzer according to the methods of Simpson et al. (1976). Sixteen swordtail fish (twelve 
females and four males - Initial mass: 25,16g ; Dry mass: 5,82g) were starved for thirty six hours, 
sacrificed and freeze-dried for 24 hours. Simultaneously, a sample of the standard flake diet 
formulated for general use at Arnatiknlu hatchery was analysed. Tryptophan levels could not be 
determined with the techniques available to the author. The amino acid profiles of Danish low-
temp erature treated fish meal and soya oil cake meal were provided by their suppliers. 
Representative samples of the feed components were analysed for proximate composition 
according to the standard of the Association of Official Analytical Chemists (AOAC, 1984). 
Moisture was determined after drying samples at 100°C for 48 hours in a convection oven. Ash 
content was determined after samples were burnt at 550°C for 7 hours in a muffle furnace 
(Crucibles used were first treated for 8 hours at this temperature). Protein (Kjeldahl method) and 
lipid content (Soxhlet apparatus) were determined on samples sent to the University of Nata\. An 
optimal combination of these two proteins approximating the essential amino acid profile of X 
helleri was determined using a modified form of the essential amino acid ratio (NE ratio) 
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developed by Ogata et al. (1983). The NE ratio is defined as:AIERaJio- EAA .1000, where 
TotalEAA 
EAA = Essential amino acid value in g/lOOg dry matter and total EAA includes tyrosine and 
cystine (combined with phenylalanine and methionine respectively). Because the levels of 
tryptophan and cystine could not be obtained for X helleri, the above formula was used with the 
exclusion of these two amino acids as well as tyrosine. 
As the level of tryptophan in X helleri tissue was not available, an indication of whether the 
proposed protein combination would provide sufficient tryptophan was obtained by comparing 
the essential amino acid profile of the protein source to that of the channel catfish, Ictalurus 
punctaius (Wilson and Poe, 1985), a warmwater omnivorous fish. The NE ratio (including 
tryptophan, but excluding tyrosine and phenylalanine) of channel catfish was then compared to 
that of the protein source. On the basis of the similarities in overall EAA profiles of 1. punctaius 
and X helleri, it was assumed that if sufficient tryptophan was provided by the protein source to 
meet the requirements of 1. punctatus, then this would apply to X helleri as well. 
In addition, a further index of comparison of the EAA profiles of X helleri and the proposed 
protein combination was used to confirm that a close match existed. The ratio between the first 
limiting amino acid (in this case lysine) and each individual essential amino acid was calculated 
for X helleri and the protein source according to the formula: E.A.A.(g/lOO g) . 
Lysine (gIlOO g) 
In order to quantifY how closely the AlE ratio and lysine ratio of X helleri and the protein 
sources matched each other, simple regression analyses were performed, and the coefficients 
of determination (r2) calculated. 
RESULTS 
Amino acid levels of X helleri, Arnatikulu standard farm flake feed, fish and soya oil cake 
meal, expressed as percentage protein (g/100g protein) are presented in Table 2.l. The crude 
protein content of the samples submitted for analysis, as well as results of the proximate 
analyses of the fish meal and soy oil cake meal are included. 
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TABLE 2.1. Amino acid content (gl100g protein), crude protein content of swordtail fish and various 
protein sources and proximate analyses offish meal and soya oil cake meal (% dry matter). (Bold font 
indicates essential amino acids). Soya O. C.M. = Soya oil cake meal. 
Amino Acid X. helleri Standard Flake L.T. Fishmeal SoyaO.C.M. 
Arginine 5,67 5,39 6,59 7,06 
Histidine 2,31 2,35 2,84 2,61 
I soleucine 3,78 4,11 5,33 6,05 
Leucine 6,83 7,20 8,58 8,32 
Lysine 7,73 7,07 9,07 6,42 
Phenylalanine 3,89 4,05 4,73 5,07 
Methionine 2,60 2,32 3,58 1,49 
Threonine 3,78 4,11 4,93 3,97 
Valine 4,40 4,85 6,43 5,24 
Tryptophan 1,28 1,41 
Aspartic Acid 9,27 9,63 10,55 
Serine 4,05 4,13 4,88 4,61 
Glutamic Acid 12,58 15,65 14,59 
Proline 4,66 4,91 4,88 
Glycine 7,17 5,90 5,99 5,47 
Alanine 5,71 5,79 6,65 
Tyrosine 2,77 2,32 3,98 3,56 
Cystine 1,12 1,30 
Crude Protein 54,5% 37,5% 72,8% 48,3% 
Carbohydrate 0 25,7 
Fat 10,2 0,9 
Ash 11,3 5,0 
Crude Fibre 0,2 5,0 
Moisture 7,3 10,5 
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Iteration of various ratios of fishmeal and soya oil cake meal revealed that a combination of 65 
percent fish meal and 35 percent oil cake meal best approximated the NE ratio of X helleri 
(Table 2.2). Furthermore, comparison of these ratios indicated that lysine was the main limiting 
amino acid. The crude protein content of this fishm.eal/soya combination was 64% (dry matter 
basis). 
TABLE 2.2. Modified essential amino acid ratios (Ogata el a!., 1983) for X helleri and various protein 
sources. FM ~ Fishmeal, SM ~ Soya oil cake meal. r' ~ Coefficient of determination with respect to profile 
of X. helleri. (First limiting amino acid underlined) 
Amino Acid X helleri Standard Diet L.T. Fishmeal Soya Oil Cake 65 :35 
Meal FM:SM 
Arginine 137 130 127 153 133 
Histidine 57 57 55 56 55 
Isoleucine 92 99 102 130 109 
Leucine 167 174 165 180 168 
Lysine 189 170 174 139 166 
Phenylalanine 95 98 90 lID 95 
Methionine 63 56 69 32 60 
Threonine 92 99 95 86 92 
Valine 108 ll7 123 113 120 
r' (%) 95,8 96,2 69,6 94,3 
ComparisoD of the relationship between the NE ratios of channel catfish and those of the 
fishmeal / soya combinatioD revealed that in this species tryptophan is not a limiting amino acid 
(Table 2.3). On the basis of the similarity of the X helleri and 1. punctatus amino acid profiles 
it was assumed that this would be true for X helleri as well. 
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TABLE 2.3. Modified NE ratios ( Ogata et aI. , 1983) for X helleri, 1. punctatus and protein source. 
r2 = Coefficient of determination with respect to profile of X helleri. 
Amino Acid X helleri 1. Punctatus 65 :35 FM:SM 
Arginine 137 144 129 
Histidine 57 47 54 
Isoleucine 92 93 106 
Leucine 167 16O 164 
Lysine 189 183 162 
M ethionine 63 63 59 
Phenylalanine 95 89 93 
Threonine 92 89 90 
Tryptophan ? 16 25 
Valine 108 III 118 
r2 (%) 98,5 94,3 
Comparison of the EAA profiles of X helleri and the fishmeal / soya combination using the first 
limiting amino acid (in this case lysine) as a reference also revealed a high degree of similarity 
(Table 2.4). 
TABLE 2.4. Ratios between essential amino acids and lysine content of X helleri and protein source. r2 
= Coefficient of determination with respect to profile ofX. helleri. 
Amino Acid X helleri 65:35 FM:SM 
Arginine 0,7 0,8 
Histidine 0,3 0,3 
Isoleucine 0,5 0,6 
Leucine 0,9 1,0 
Lysine 1,0 1,0 
Phenylalanine 0,5 0,6 
Methionine 0,3 0,3 
Threonine 0,5 0,5 
Valine 0,6 0,7 
r2 (%) 96,2 
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DISCUSSION 
The bigh degree of similarity between the AlE and lysine ratios of the proposed protein 
combination and X helleri demonstrated that it could be regarded as an "ideal" protein source 
for X helleri, and as such was suitable for investigations into the protein and protein to energy 
requirements of this species (Chapter 3). Althongh only two protein sources were utilised, the 
combination chosen demonstrated a close correlation to the amino acid profile of X helleri and 
that of the standard farm flake, despite the far broader base of source proteins used in the flake 
formulation. Furthermore, these results indicate that where fish meal and soya oil cake meal are 
used as the major protein sources in formulation of artificial feeds for X helleri (and probably also 
other closely related poeciliid fish) the above inclusion ratio should be considered. 
Lysine, and to a lesser extent arginine, appeared to be the primary limiting essential amino acids. 
The essential amino acids present in relatively low quantities in soya oil cake meal, including lysine 
and methionine, are complemented by the higher levels in fishmeal. Supplementation with 
crystalline arginine could be considered, but the practicality of this would have to be evaluated 
as crystalline amino acids are highly water soluble and thus leaching losses are likely to be high. 
However, this could be practically achieved by supplementing formulated feed with livefeeds such 
as Daphnia which are rich in lysine and arginine (Yurkowski and Tabacher, 1979; De la Noiie and 
Choubert, 1985). The comparison between the essential amino acid profiles of l. punctatus, X 
helleri and the protein source indicates that tryptophan would not, in all likelihood, be a limiting 
amino acid. 
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CHAPTER 3 
THE EFFECT OF DIETARY CRUDE PROTEIN AND DIGESTlBLE ENERGY ON THE 
GROWTH AND BODY COMPOSITION OF JUVENILE SWORDTAlL FISH. 
INTRODUCTION 
The success of intensive commercial aquaculture, whether it involves foodfish or ornamental fish 
species, relies to a large extent on supplemental feeding with nutritionally complete diets. In the 
case of ornamental fish farms which produce a wide range of species, the fish tend to be fed on 
a single dietary formulation, despite the quite different feeding ecology and nutritional 
requirements of many of the species. 
As growth rate is dependent upon dietary protein level and protein generally constitutes the most 
expensive component of a commercial diet, it is important to establish for a specific group or 
species of fish, the optimal protein level in the diet. Previous research into both quantitative and 
qualitative protein requirements, as well as energy requirements and utilization, has traditionally 
been focused on food species, particularly salmonids. Very little information was available on the 
specific nutritional requirements of ornamental fish species, with no published reports on the 
requirements ofXiphophorus helleri in intensive aquaculture (Fernando et al., 1991). 
The optimal dietary protein requirements of a fish species ru:e influenced by a numbel' of factors, 
including the protein source, protein to energy ratio (P:E ratio) in the diet (Sargent et al., 1989), 
size and age of individual fish, and ambient temperature. Increasing dietary protein in fish diets 
generally results in an increase in production (Nematipour et al., 1992). At high levels of dietary 
protein, protein is used for both somatic growth and to satisfY maintenance energy requirements, 
thus partial replacement with relatively inexpensive energy sources such as carbohydrates and 
lipids may result in a degree of "protein sparing". However, increasing these components beyond 
a certain level may lead to excessive somatic lipid accumulation with resultant poor growth 
(Daniels and Robinson, 1986) and even pathological changes. 
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The quantity of food ingested is regulated accordiug to the energetic requirements of a fish (Lee 
and Putnam, 1973), and thus optimal crude protein content of a diet cannot be detennined without 
consideriug digestible energy (DE) content as well The protein to energy ratio (g proteinlkg diet 
to MJ digestible energylkg diet) of a feed is a measure of the required balance, and clearly 
expresses the fact the feed intake is dependent upon energy requirements (Steffens, 1989). 
In research involving tropical ornamental fish, Degani and Gur (1992), using practical feed 
ingredients includiug fish, wheat and com meals, determined that the optimal dietary crude protein 
content for the pearl gourami (Trichogaster leeri) lies between 26 and 36 % (dry mass). In 
guppies (Poecilia reticulata), which are closely related to swordtails, it has been demonstrated 
that optimal growth occurs on diets containing a crude protein level of 47 % (Dahlgren, 1980). 
The aim of the present experiment was to determine an optimal protein level for maximum growth 
injuvenile X helleri, and to attempt to establish an optimal protein to energy ratio for the species. 
The soya oil cake and fishmeal combination developed in Chapter 2 was used in the feed 
formulations. The nutritional indices used to evaluate these factors included growth rate, final 
mass and length, feed conversion ratio, protein efficiency ratio and proximate whole body 
composition. 
MATERIALS AND METHODS 
Experimental Diets 
Nine test diets were formulated to combine three protein levels (45, 38 and 30%) with three 
digestible energy levels (16,5, 14,5 and 12,5 kJ/gram) in a three by three factorial design (Table 
3.1). 
Digestible energy values of the various dietary components have not been quantified for X 
helleri. Thus, on the basis of a review of the available literature, the "physiological fuel values" 
of 18,9 kJ, 16,8 kJ, and 37,7 kJ per gram feed for protein, carbohydrate and lipid respectively 
(Pike and Brown, 1967), were used to approximate the digestible energy content of the 
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experimental diets. These values have been used in similar studies on other species of warmwater 
fish (Oreochromis niloticus; Wang et al., 1985 and Clarias gariepinus; Uys 1989). 
Pregelatinized corn starch was used as a primary source of carbohydrate, while a combination of 
50% marine fish oil and 50% sunflower oil was used as a lipid source. 
In preparation of the diets, the guidelines for experimental feed preparation described by Lovell 
(1989) were followed. All dry ingredients were thoroughly mixed, using a domestic food blender. 
Oils were then gradually added, while mixing constantly. Eighty five ml of water per 100 grams 
of feed was then slowly blended into the mix, resulting in a suitably textured dough. This was 
then fiuther processed through a commercial cold-extrusion pasta-maker, to obtain thin spaghetti-
like strips. Drying was carried out in a convection oven at 30 De for 24 hours. The dry product 
was finally ground and sieved into a particle size of between one and two millimetres diameter. 
All feeds were stored at -20De until required. 
Experimental System 
A closed, fully recirculating system incorporating both trickle and submerged types of biological 
filtration was used for this trial (Figure 3.1). Thirty 20 litre glass aquaria were arranged in three 
tiers, with three replicates for each treatment being allocated to tanks according to a randomized 
block design. Water temperature was controlled at a constant 27De for the duration of the 
experiment. Heating was provided by a 2 kW element in the system sump tank, linked to a solid 
phase thermostat. Total volume of the system, including sump tank and filters was 1300 litres. 
Flow rate to the tanks was 1 litre per 90 seconds, resulting in 2 water changes per hour. Ambient 
air temperature in the room housing the aquaria was controlled by means of an air conditioner. 
Aeration was supplied via an airstone in each tank, coupled to a low pressure, sidechannel air 
blower. A 14 hour light: 10 hour dark photoperiod was maintained through fluorescent lighting 
controlled by an automatic timing device. All tanks were siphoned clean weekly, while water pH 
and total ammonia were tested at regular intervals. 
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TABLE 3.l. Fonnulation and proximate composition of experimental diets containing three digestible 
energy and three protein levels. Diets are labelled according to their protein percentage and energy content 
(H = 16,5 kJ/g; M = 14,5 kJ/g; L = 12,5 kJ/g). Soya OCM = Soya oil cake meal. 
INGREDIENT DIET 
(%DryMass) 30R 30M 30L 38R 38M 38L 45R 45M 45L 
Fishrneal 30,5 30,5 30,5 39 39 39 45,5 45,5 45,5 
SoyaOCM 16,5 16,5 16,5 21 21 21 24,5 24,5 24,5 
Fish Oil 4,5 2,5 1,5 4 2 1 3,5 1,5 0,5 
Sunflower Oil 4,5 2,5 1,5 4 2 1 3,5 1,5 0,5 
Starch 34 31 23 24 21 13 15 12 4 
Mineral Premix 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2 
Vitamin Premix 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 
Vitamin C 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 
Cellulose 8,8 15,8 25,8 6,8 13,8 23,8 6,6 13,8 23 ,8 
CALCULATED PROXIMATE COMPOSmON 
Crude Protein 30 30 30 38 38 38 45 45 45 
Lipid 12 8 6 12 8 6 12 8 6 
Carbohydrate 38 35 27 29 26 18 21 18 10 
% Carbohydrate 89,5 88,6 85,2 82,7 80,8 72,2 71,4 66,6 40 
as pregel. starch 
DE (kJ/gram) 16,5 14,5 12,5 16,5 14,5 12,5 16,5 14,5 12,5 
P:E Ratio 18,2 20,7 24 23 26,2 30,4 27,3 31 36 
(mg/kJ) 
Vitamin and Mineral Premix (per kg premix): Choline chloride 166g; Copper 0,05g; Mangenese 4g; Zinc 
Ilg; Iodine 0,2g; Iron 0,5g; Vitamin A 1300000ill; Vitamin D3 200000ill; Vitamin E 10000ill; Vitamin 
K3 4500ill; Vitamin Bl 1600mg; Vitamin B6 1350mg; Vitamin B12 4mg; Folic acid 580mg; Biotin 
5Smg; Calcium pantothenic acid Ilg; Niacin 199; Antioxidant 20g; Inositol 58g; Carophyll pink 3,4g. 
Vitamin C provided as "Stay C" (150mg Vitamin C per gram Stay C) 
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FIGURE 3.1. Indoor environmentally controlled aquarium system: Schematic Diagram - Side View. 
Experimental Fish: Feeding and Handling 
Juvenile (6-8 week old) X Helleri (Red Victory strain) were obtained from Amatikulu Hatchery. 
These were isolated in quarantine tanks for a period of two weeks before being transferred to the 
experimental tanks. Eleven fish were allocated at random to each tank and were held for a further 
one week acclimation period, before the feeding trial was begun. At the beginning of the trial 
period, and every ten days thereafter, fish were weighed and measured. All fish were 
anaesthetized using a solution of 0,4 ml2-phenoxyethenol per litre water, gently blotted using a 
paper towel to remove excess water, and individually weighed (using a Mettler 3000 Electronic 
Scale) and measured to the nearest millimetre (standard length). When feeding, fish were fed to 
satiation, without excessive wastage offood. This was done by direct observation of feeding, 
with food being provided twice daily in small amounts until it was observed that feeding activity 
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ceased. Fish were not fed on the days when weighing and measuring were performed. The trial 
was run for a period of 60 days. 
Chemical Analyses 
Proximate analyses of the feed ingredients (fishmeal and soya oil cake meal) were performed 
according to the methods ofthe Association of Official Analytical Chemists (AOAC, 1984). A 
random sample of twenty fish were sacrificed prior to beginning the feeding trial and were 
analysed for moisture content, ash, crude protein and lipid content as described in Chapter 2. At 
the end of the experimental period, fish from each treatment were sacrificed and analysed as 
descnoed above. Due to the small size of the fish, replicates within each treatment were pooled 
in order to obtain a suitable sample size for analyses. 
Data Processing and Statistical Analyses 
The following nutritional indices were used to evaluate the pelformance of fish fed the 
experimental diets: 
Food conversion ratio (FCR) : 
FCR = Food futake (Dry Weight) / Body Weight Gain (Wet Weight) 
Protein efficiency ratio (PER) : 
PER = Body Weight Gain (Wet Weight) / Protein fugested (Grams) 
Percentage protein deposited (PPD): 
PPD = (Final Body Protein - fuitial Body Protein)*lOO / Protein Fed 
Data on final weights, FCR, PER and feed, protein and DE consumption were analysed using 
ANOVA and Tukey's Multiple Range Test with significance declared at P = 0,05. Simple 
regression analysis was performed on growth data, with multiple regression and comparison of 
F-values employed to establish the degree of variance between replicates, and between treatments. 
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A one-tailed F-test based on an analysis of co-variance (Zar, 1984) was used. Data from the three 
replicates for each treatment was pooled, having established that no significant difference (P< 
0,05) was present between slopes. 
RESULTS 
Water temperature was maintained at 27°C throughout the duration of the experiment. Total 
ammonia was measured weekly and remained below O,Olmg/l. pH was monitored regularly, and 
with exception of one reading on day 21 of the trial, remained at 7,3 ± 0,2. On day 21, the pH 
dropped to 6,0, probably as a result of the gradual acidification effect of the biological filtration 
system. Addition of oyster shell to the submerged filter resulted in normalisation of the pH within 
twenty four hours. 
The growth rates for the fish fed all the 30 and 38 % protein diets did not differ significantly, 
however, the high and low energy 45% protein diets (16,5 and 12,5 kJ/g respectively) produced 
significantly more rapid growth (Table 3.2, 3.3; Figure 3.2). Furthermore, growth rates offish 
fed the high and medium energy 45% protein diets (16,5 and 14,5kJ/g respectively) differed 
significantly, indicating that dietary energy content significantly affected growth within the 45% 
protein level. These trends were reflected in the final weights of the fish (Table 3.2). 
No clear trend was apparent between feed consumption and P :E ratio. The fish fed the 45% 
protein diets consumed significantly more protein during the experiment, and the level of dietary 
DE had no apparent effect on this consumption. However, in the 38% protein treatments, fish 
fed the low DE diet, ingested significantly less protein than the medium or high DE groups. A 
similar pattern was recorded in the 30% protein treatments. Digestible energy intake was 
positively related to the DE content of the diets (Table 3.2). 
Although significant differences were present in PER between treatments, no clear trends were 
apparent. As protein level in the diet increased, so the feed conversion ratio improved and those 
for the high protein diets 45H and 45L were significantly (P < 0,05) lower than for the other 
treatments (Table 3.2; Figure 3.4). Similarly, no clear trends in the PPD results, which ranged 
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from 23% for the 38M diet to 61,7 for the 45L diet, emerged. 
TABLE 3.2 Mass and length parameters, feed, DE and protein consumption, feed conversion ratio, protein 
efficiency ratio, percentage protein deposited and mortality of swordtails fed diets with different protein to 
energy ratios for 60 days. Results represent the mean of3 replicates (± SD). Diets are labeUed according 
to their protein percentage and energy content (H = 16,5 kIlg; M = 14,5 kIlg; L = 12,5 kIlg). 
DlETNUMBER 
PARAMETER 30H 30M 30L 38H 38M 38L 45H 45M 45L 
Protein Content 30 30 30 38 38 38 45 45 45 
(% Dry Mass) 
Digestible Energy 16,5 14,5 12,5 16,5 14,5 12,5 16,5 14,5 12,5 
(kJ/gram) 
Initial Weight 0,52± 0,52± 0,5± 0,51± 0,52± 0,51± 0,54± 0,52± 0,51± 
0,03g 0,03g 0,03g 0,03g 0,03g 0,03g 0,03g 0,03g 0,03g 
Final Weight 0,87' 0 ,86' 0.81' 0.88' 0,79' 0,84' 1,07bo 0,91'b 1,14" 
±,03g ±,03g ±,03g ±,03g ±,03g ±,03g ±,03g ±,03g ±,03g 
Initial Standard 25,70 25 ,97 25,67 25 ,58 26,15 25,79 26,27 25,97 25,61 
Length (mm's) ±0,35 ±0,35 ±O,35 ±0,35 ±0,35 ±0,35 ±0,35 ±0,35 ±0,35 
Fin aI Standard 30,61 30,31 29,67 30,64 30,12 30,15 32,79 31,54 33,76 
Length (mm's) ±0,35 ±0,35 ±0,35 ±0,35 ±0,35 ±0,35 ±0,35 ±0,35 ±0,35 
Feed consumed per 1,44bo 1,48' 1,26' 1,38b 1,42bo 1,23' 1,37b 1,38b 1,42b' 
fish (g dry mass) 
Protein consumed 0,43b 0,44b' 0,38' 0,53' 0,54' 0,46' 0,62' 0 ,62' 0,64' 
per fish (g) 
Total DE intake per 23,8' 21,5' 15,8' 22,80£ 20,6'" 15,4' 22,6' 20,00 17,8b 
fish (kJ) 
FCR 4,Obc: 4,4bC 4,1"" 3,9"" 4,7' 3,9b' 2,78 3,6b 2,5' 
PPD" 37,7 41,1 38,2 34,5 23,0 39,4 42,1 41,1 61 ,7 
PER 0,85' O,7Bbc 0,81'b O,7abo 0,56' 0,7">0 0,85' 0,62b' 0,89' 
Mortalities 1 0 0 0 0 0 1 1 0 
Figures in the same row with different alphabetic superscripts differ significantly (p < 0,05). 
"No statistical comparison ofPPD values was performed. 
Refer to Appendix for Anova statistics (dF, F- ratio and level of significance). 
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TABLE 3.3. Linear regression equations of mass data for each dietary treatment (3 replicates pooled) for 
60 day experimental period. Equations in same column sharing a common superscript are not significantly 
different (P > 0,05). 
Dietary Treatment % enlde Protein Digestible Energy Regression Equation 
(kJ/g) 
30H 30 16,5 y = 0,530 + 0,005x' 
30M 30 14,5 Y = 0,528 + 0,005x ' 
30L 30 12,5 Y = 0,514 + 0,005x ' 
38H 38 16,5 Y = 0,526 + 0,005x' 
38M 38 14,5 y = 0,551 + 0,004x' 
38L 38 12,5 Y = 0,519 + 0,005x ' 
45H 45 16,5 y = 0,573 + 0,008x .b 
45M 45 14,5 Y = 0,554 + 0,006x b, 
45L 45 12,5 y = 0,487 + O,Ollx • 
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FIGURE 3.2. Rate of weight gain inX helleri juveniles fed diets containing 3 crude protein and 3 apparent 
digestible energy levels over a 60 day period. Rates were derived from linear regressions. Bars represent 
Sl~Uldard Error of slope. Points shru'ing a common superscript are not significantly different (P > 0,05). 
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Statistical testing of differences between treatments could not be calculated for the results of body 
composition analyses, as the quantities of tissue available for processing necessitated pooling the 
tissue from 3 replicates for each treatment. However, the following trends were apparent: within 
the 45 % protein treatments, the diet containing the highest energy level (diet 45H) resulted in 
greater fat deposition and a lower protein content than the other treatments in this group (Table 
3.4). A similarpattem was evident in the 38 % protein treatments, with the low energy diet (38L) 
producing fish with relatively low total body lipids. Within the 30 % protein level, no obvious 
trends in final body composition were observed. No clear trends in ash or moisture content were 
evident. 
TABLE 3.4. Initial and final whole body composition data expressed as a percentage of dry mass. 
Component Initial Final Composition 
30H 30M 30L 38H 38M 38L 45H 45M 45L 
Moisture 75,20 72,24 73,09 73,03 73,33 75,17 73 ,40 71 ,90 73 ,66 74,58 
Protein 51,07 49,14 51 ,99 49,43 50,31 49,38 52,46 50,16 57,29 57,44 
Lipid 25,84 29,55 27,84 28,89 25,93 26,47 22,22 27,78 18,75 20,44 
Ash 13,46 11,17 11 ,64 11 ,80 11 ,00 12,68 11 ,67 9,48 11 ,47 11 ,50 
The final protein content of the fish was positively cOlTelated to the dietary protein to energy 
ratio, while the final lipid content was negatively cOlTelated (Figure 3.3). 
Mortalities during the experiment were minimal (Table 3.2). 
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DISCUSSION 
Although the protein to energy ratios of the experimental diets ranged from 18,2 to 36 mg crude 
proteinJkJ DE, no clear relationship between growth rate and P:E ratio emerged. Nonetheless, 
it was clear that diets containing 45% protein (p:E ratio of ~ 27) produced the fastest growth and 
most efficient feed conversion. Only at a 45% protein level did the dietary energy level 
significantly affect growth rate, and despite similar quantities of feed being consumed, the best 
growth rate was observed in the diets containing the highest P:E ratio (36 mg/kJ). This suggests 
that a relatively high P:E ratio promotes optimal growth in juvenile swordtails. Recommendations 
on the optimal dietary protein to energy ratios for other warmwater fish indicate a similar range 
(Table 3.5). 
TABLE 3.5. Dietary protein to energy ratios for selected fish species (mg proteinikJ Digestible energy). 
SPECIES P : ERATIO TEMPERATURE' REFERENCE 
Jcla/unls punclatus 24 - 30 27°C Steffens, 1989 
Oreochromis aureus 31 31 °C Steffens, 1989 
Morone chrysops 33 27°C Nematipour el aI., 1992 
* Water temperature at which research was conducted. 
No depression in feed consumption was apparent in fish fed the high energy diets during this 
experiment. It is possible that satiation was determined by gut fullness, and those fed the higher 
protein diets simply consumed more protein and grew faster as a result. Feeding frequency may 
have restricted overall consumption, and it is possible that a more frequent feeding regime (three 
or four times daily) may have resulted in a more realistic pattem of satiation feeding, with the 
emergence of trends in the nutritional indices that could have been related to dietary energy 
content in the 38 and 30% protein treatments. 
Efficiency of feed conversion improved with increasing dietary protein content, and this result, 
seen together with the high growth rates obtained on the 45% protein diets implies that a high 
protein diet is optimal in the grow out phase of Xiphophorus culture. This suggestion is 
supported by the frndings of similar studies performed on other poeciliid fish (Dahlgren, 1980). 
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No clear trends were evident in PER's, suggesting that there was no significant "protein sparing 
effect" due to the extra lipid and carbohydrate in the 38 and 30% protein diets. 
Final body protein and lipid composition was apparently correlated to the P:E ratio in this trial 
(Figure 3.3), and the increase in somatic lipid accumulation with increased total dietary energy 
content is consistent with the results of similar studies in other fish species (Garling and Wilson, 
1976; Bromely, 1980; NematipoUI el al., 1992). 
In conclusion, the results of this experiment indicate that, for optimal growth of juvenile X. 
helleri, a high protein diet (45% protein) with a protein to energy ratio of at least 27 mg protein 
I kJ DE is recommended. 
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CHAPTER 4 
TIffi EFFECT OF FEED PROCESSING AND FORM ON GROWTH AND 
NUTRITIONAL INDICES OF SWORDTAILS. 
INTRODUCTION 
Various methods offeed processing are available for the preparation offish feeds for commercial 
production of ornamental fish species. In South Afiica, drum-dried flake diets manufactured for 
hobbyist use are commonly used on ornamental fish farms. Flakes are formed by exposing a pre-
mixed slurry of finely ground ingredients to high temperature on revolving drums. A very thin 
layered product is produced, with a moisture content of below ten percent. The physical 
characteristics of the feed ingredients used, the type of machine employed, drum temperature and 
exposure time of the mixture to heat all playa role in determining the type and quality of flake 
produced. 
Alternate methods used in production of dry artificial fish feeds include the process of cold 
extrusion, resulting in a pellet or a crumble type diet, and heat (steam) extrusion, to produce either 
floating or sinking pellets. 
Advantages of flake-type foods over other types of preparations for ornamental fish include 
palatability, soft texture, buoyancy, a degree of water stability, and in the aquarium trade, an 
aesthetically pleasing appearance. 
The major disadvantage is a high loss of nutrients, in particular of the water soluble vitamins such 
as ascorbic acid, through denaturation as a result of exposure to high temperature as well as via 
direct leaching during processing, and upon exposure to water during feeding. For example, in 
a study where flakes were prepared on a drum at 160 - 165°C with an exposure time of only 8 
seconds, and a pre-drying slurry temperature of 90°C, seventy six percent of ascorbic acid activity 
was lost (Boonyaratpalin and Lovell, 1977). Although more heat stable forms of vitamin Care 
now commonly used, even these are susceptible to degradation under extreme environmental 
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conditions. 
A great advantage of pellet or crumble type diets is the potential reduction in the loss of nutrients 
through leaching, due to the increased density of the feed particle, and the lower surface area to 
volume ratio in comparison to a flake. 
Depending on species specific feeding habits and adaptations, certain ornamental fish will more 
readily accept a feed particle which floats, or sinks very slowly, such as a flake diet. It is thus 
important to establish, for each species under consideration, the acceptability and palatability of 
the feed particle used. In preliminary trials it was found that X helleri readily consumed feed 
from both the water surfuce and tank bottom, provided the diet particle was small enough for 
ingestion. 
Since no previous research has been performed examining the effect of the method of feed 
processing (temperature) and particle form on growth indices in ornamental fish, the present study 
was undertaken. The aim of this experiment was thus to compare, using growth rate, survival 
rate and incidence of ascorbic acid deficiency symptoms as test parameters, the nutritional value 
of identical dietary formulations exposed to different methods of feed processing. Vitamin C was 
selected as an indicator of nutrient deficiency as it is highly labile and is commonly implicated in 
nutritional deficiencies in fish. 
Vitamin C is an essential nutrient for most fishes (Halver, 1989). It has the chemical formula 
C.R.O. and occurs in nature in three common forms: L-ascorbic acid, the biologically most 
active form; dehydroascorbic acid, the less active oxidized form and L-ascorbate 2-sulphate, a 
storage form of the vitamin which is synthesized in fish tissues. L-ascorbic acid is rapidly and 
easily oxidized to the inactive form by atmospheric oxidation, with this process being catalyzed 
by heat or exposure to copper, iron or several other metals. Ascorbic acid is also very water 
soluble, an important consideration in the manufacture of fish feed. Due to its labile nature, more 
stable forms of vitamin C are used in preparation of commercial feeds (Hilton et at., 1977; 
Soliman et at., 1987; Lovell, 1990). 
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L-ascorbic acid plays a role as a biological reducing agent for hydrogen transport, and forms an 
integral p art of numerous enzyme systems. As such, it is involved in biochemical reactions of 
practically all groups of nutrients. In particular, vitamin C is required for many hydroxylation 
reactions, including hydroxylation of the lysyl and prosyl groups in pro collagen, and synthesis of 
various amino acids. Due to its involvement with collagen formation and normal fibroblast 
function, ascorbic acid is essential for normal bone, cartilage, tooth and intercellular ground 
substance production, as well as for normal wound healing. Ascorbic acid, being a reducing 
agent, also plays a role synergistically with vitamin E and selenium, in the maintenance of 
intracellular antioxidant activity. Furthermore, vitamin C is required for normal absorbtion and 
metabolism of iron in the body, and as such, plays an important role in erythrocyte production and 
maturation. Further functions include involvement in steroid synthesis, various detoxification 
reactions (Mayer et aI. , 1978; Yamamoto and Inoue, 1985; Mazik et ai., 1987) and a role in 
immunoglobulin production and function ofphagocytes. 
The most obvious clinical signs observed in cases of severe ascorbic acid deficiency include 
scoliosis and lordosis, leading to gross spinal abnormalities. This occurs as a result of reduced 
collagen formation in the vertebral column, with subsequent subluxation or luxation of veltebrae. 
These changes, once present, are of a permanent nature, even if dietary ascorbic acid levels are 
restored to norma1. Other symptoms that have been noted include anorexia, reduced growth 
rates, fin malformation - in particular caudal fin abnormalities - lethargy, haemorrhagic 
exophthalmia, ascites, anaemia, intramuscular petechiation, poor wound healing (Ashley et at., 
1975) and depigmentation. 
Very little published data dealing with the vitamin C requirements of ornamental fish is available, 
and the vitanIin C incrosion levels used in the formulation of feeds for these species are based on 
studies performed on food fish species. Various researchers have shown that the quantitative 
requirement in fish is dependent upon a number of factors, including fish size, water temperature, 
environmental stress or exposure to pathogens or toxins (Hilton et at., 1978; Dabrowski et at. , 
1988; Dabrowski and Ciereszko, 1993). 
Perhaps more important, in the context of commercial fish feeds such as the flake diets tested in 
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this trial, are the subclinical deficiency signs which may occur, especially immunosuppression via 
decreased antibody formation and inefficient phagocyte function (Durve and Lovell, 1982; Li and 
Lovell, 1985; Wahli et al., 1986; Navarre and Halver, 1989). 
Due to the suspected high losses of vitamin C and other water-soluble, heat labile nutrients during 
drum-drying and through leaching from flake feeds, doubt existed as to whether vitamin C 
specifications designed for other fish feeds would be adequate in ornamental flake feeds. Diets 
formulated from the same batches of raw ingredients, at identical inclusion levels, were prepared 
as drum-dried flakes, heat-treated crumbles, and cold-extruded crumbles, and evaluated in a 
growth trial with juvenile swordtails. 
MATERIALS AND METIIODS 
Experimental Diets 
Two dietary formulations, an open semi-purified formulation and a proprietary commercial 
formulation, were used to manufacture heat-treated flake and crumble diets as well as cold 
extruded crumbles (Table 4.1). Although the exact formulation of the commercial diet could not 
be disclosed, the major protein sources included fish meal and soya oil cake meal, while soya oil 
and a fish oil (Marinol-R) were used as a lipid source. Carboxymethylcellulose (CMC) was 
included in diets as a binding agent. 
During production of the drum-dried flake feeds, the premix slurry was maintained at a 
temperature of 90°C, while the drum temperature ranged between 160°C and 170°C. Processing 
times were between 5 and 10 minutes as a slurry and 2 to 3 minutes on the drum. 
The cold extruded diets were manufactured according to the method described by Lovell (1989). 
All my ingredients (ground to the same particle size as used in the flake feeds), were thoroughly 
mixed, using a domestic food processor. The oils were then slowly added, while mixing 
constantly, after which 85 ml water per 100 grams of premix was added to obtain a suitably 
textured dough. Extrusion was then carried out using a commercial cold extrusion "pasta 
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machine". The resultant thin strips offood were subsequently dried in a convection oven at 30°C 
for 24 hours. 
TABLE 4.1 . DietaIy formulations and proximate analyses (percentage dry matter). Formulations were used 
to manufacture heat treated flakes and crumbles as well as cold-extruded crumbles. 
Commercial Diet Semi-Purified Diet 
Fish Meal Formulation supplied by 45,5 
Soya Oil Cake Meal manufacturer as complete premix. 24,5 
Fish Oil ("M arinol-R") (oils, vitamin C and water added 3,5 
Soya Oil 
just prior to processing) 
3,5 
Pregelatinized Starch 18,6 
VitruninlMineral Premix' 1,6 
Vitamin C (" Stay-C") 0,8 
Carboxymethylcellulose 2,0 
Proximate Composition (% Dry Mass) 
Crude Protein 41 ,8 45,0 
Lipid 14,7 12,0 
Carbohydrate 17,9 23 ,2 
1 Vitamin and Mineral Premix (per kg premix): Choline chloride 166g; Copper 0 ,05g; M angenese 4g; Zinc 
11g; Iodine 0,2g; Iron 0,5g; Vitamin A 1300000IU; Vitamin D3 200000IU; Vitamin E 10000IU; Vitamin 
K3 4500IU; Vitamin B1 1600mg; Vitamin B61350mg; Vitrunin B12 4mg; Folic acid 580mg; Biotin 55mg; 
Calcium pantothenic acid 11g; Niacin 199; Antioxidant 20g; Inositol 58g; Carophyll pink 3,4g. 
To produce "heat-treated" crumbles, flakes produced from the two formulations were ground in 
a hammer mill, and extruded, using the technique described above. Seven test diets were 
produced from the two formulations using different processing techniques. (Table 4 .2). 
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TABLE 4.2 . Test diets prepared from commercial and semi-purified feed formulations . 
1. Commercial formulation drum-dried flake (excluding 2% carboxymethyl cellulose). 
2. Commercial formulation drum-dried flake (including 2% carboxymethylcellulose). 
3. Commercial formulation drum-dried flake reprocessed as a crumble. 
4. Commercial formulation as cold-extruded crumble. 
5. Semi-purified formulation drum-dried flake. 
6. Semi-purified formulation drum-dried flake reprocessed as a crumble. 
7. Semi-purified formulation as cold-extruded crumble. 
All diets were stored at -20°C until required for feeding. In order to ensure equal acceptability 
and palatability all diets were ground and sieved to the same particle size range before storage 
(200 to 400 j./.m diameter). 
In this experiment "Stay-C®" (Roche Products), a powder form ofL-ascorbyl-2-polyphosphate, 
containing a mixture oftri-, di-, and monophosphate esters of ascorbic acid, was used. 1bis 
product has a vitamin C activity specification of fifteen percent. Vitamin C was added to all the 
above diets during mixing at a level of 8 grams Stay-C® per kilogram dry mix, equivalent to an 
inclusion level of 1200 mg/kg active ascorbic acid. After processing, samples of the heat-treated 
flake diets (1 and 4) and corresponding cold-extruded crumble diets (5 and 7) were sent to 
Hoffman-La Roche, Basel, Switzerland for ascorbic acid assay. 
After conclusion of the experimental period, a sample of the remaining stored commercial drum-
dried flake formulation (Diet 1) was used in a leaching study in order to quantify the degree of 
leaching of vitamin C which occurs upon contact with water. 250 g of the diet, prepared as fed 
in the trial, was immersed in water at 28°C for a period of 10 minutes. The sample was then 
recovered and immediately freeze-dried for a period of 48 hours. A control, unleached sample 
was simultaneously freeze-dried. The dried samples were then forwarded to Hoffman-La Roche 
for determination of vitamin C levels. 
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Experimental System 
A closed, fully recirculating system as described in Chapter 3 was used in this experiment 
(Chapter 3: Materials and Methods, Figure 3.1). Twenty one 20 litre glass aquaria were arranged 
in three tiers, with three replicates for each treatment being allocated to tanks according to a 
randomized block design. Water temperature was controlled at a constant 28°C for the duration 
of the experiment. 
All tanks were siphoned clean weekly, while water pH and total ammonia were tested weekly. 
pH was determined by means of an electronic pH meter (pHep I-Hanna Instruments), while total 
ammonia was tested using a commercial colour reagent test kit. A pH of 7,4 ± 0,1 was 
maintained throughout the 8 week period, while total ammonia never exceeded O,OOlmg/litre. 
Experimental Fish and Feeding Regime 
All test fish originated from a Xiphophorus helleri breeding population maintained at the 
Department ofIchthyology and Fisheries Science, Rhodes University. 420 ten day old fish, born 
within a 24 hour period were selected at random from the broods of three females . These were 
randomly distributed into 21 tanks, 20 fish per tank, and held in the experimental system for a one 
week acclimation period, during which they were fed a commercial ornamental fish diet (Tetra-
Min® "Baby Fish Food for Livebearers") three times daily. 
Feeding dwing the course of the trial was performed three times daily, with the exception of days 
when weighing offish was carried out, when feeding was twice daily. An initial feeding rate of 
20% body weight feed (on a dry matter basis) was adopted, with the required quantity weighed 
at the beginning of the first week. As soon as it became evident that not all food was being 
consumed, the feeding rate was adjusted for all treatments. Recalculation of feed quantities was 
done weekly, based on the last weight measurement of each replicate. Feeding rates for the rest 
of the experiment were as follows: week 2 = 15%; week 3-5 = 10%; week 6 = 7,5%; week 7 and 
8 = 5%. 
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Weighing offish was performed weekly, using the technique described in Chapter 3 (Materials 
and Methods). During the process of weighing, all fish were carefully examined for any 
morphological abnormalities, or swimming defects. Where these occurred, such observations 
were recorded. Any mortalities during the preceding week were also noted at each weighing. 
Where physical abnormalities were observed at the end of the feeding trial, affected fish were 
anaethetised using O,4ml 2-phenoxyethenolllitre water, and abnormalities recorded by taking 
photographs and radiographs of these fish for comparison with normal specimens. 
Statistical Analysis 
One-way analysis of variance, with multiple range testing (Tukey's) was used to determine 
statistically significant differences between means of final mass and feed conversion ratios. 
In order to ensure utilization of all data points when comparing growth curves, simple and 
multiple lioear regression of slopes was carried out. Analysis of covariance (Zar, 1984), with the 
use of a one-tailed T-test for F-values was used to determine whether significant differences in 
slopes were present. For all treatments, analysis of the slopes of growth curves for the three 
replicates within a treatment was first performed, and only if no significant differences between 
replicates was present, were data from the replicates pooled. 
RESULTS 
Ascorbic Acid Levels 
Analysis of the level of ascorbic acid activity remaining in the diets after processing indicated that 
approximately one quarter of the included vitamin C was rendered inactive during the drum-
drying process in both the commercial and semi-purified formulations (Table 4.3). By contrast, 
in the cold extruded preparations, sixteen percent of activity was lost in the commercial 
formulation and less than ten percent in the semi-purified diet. 
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TABLE 4 .3. Vitamin C activity measured in feed samples after manufacture. 
Commercial 
Formulation 
Semi-Purified 
Formulation 
Ascorbic Acid Levels (mglkg dry feed) 
Pre-processing 
Inclusion Level 
1200 
1200 
Heat-Treated 
Flake 
866 
910 
% Loss 
27,84 
24,17 
Cold-Extruded % Loss 
Crumble 
1008 16 
1115 7,1 
The vitamin C levels of the stored dietary samples used in the leaching study were 87 and 17 
mg/kg for the unleached and leached samples respectively, indicating a loss of eighty percent of 
activity after ten minutes immersion in water. The low level of vitamin C measured in the control 
sample was attributed to losses which occurred during the storage period. 
Growth Data 
Growth data was compared separately for the commercial (Diets 1, 2, 3 and 4) and semi-purified 
formulations (Diets 5, 6 and 7). 
Positive growth was recorded in all treatments but from day 42 of the experiment onwards growth 
rates were depressed (Figure 4.1). This corresponds with the stage at which the feeding rate was 
decreased to 5% body weight per fish per day, and indicates that this level was insufficient to 
provide adequate nutrition for maximum growth. 
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FIGURE 4.1. Rate of weight gain for X helleri fed commercial and semi-purified formulations of drum-dried 
and cold-extruded diets, presented in flake and crumble forms. Each curve represents the pooled data from 
the three replicates for each treatment. 
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Since the growth curves became non-linear after day 42, regression analyses for the purpose of 
comparative analyses of slopes was performed on data only up to day 42. No significant 
differences (P > 0,05) were present when replicates within each treatment were compared, hence 
regression curves presented represent pooled data from three replicates for each treatment (Table 
4 .4). 
TABLE 4.4. Linear regression equations of growth data for the seven experimental diets for the period day 
I to day 42. Treatments 1 to 4 ~ Commercial formulation; Treatments 5 to 7 ~ Semi-purified formulation. 
Dietary Treatment 
Commercial Formulation 
l. Flake 
2. Flake + 2% CMC 
3. Flake as crumble 
4. Cold-extruded crumble 
Semi-purified Formulation 
5. Flake 
6. Flake as crumble 
7. Cold-extruded crumble 
Regression Equation 
y ~ 22,876 + 3,925(x)' 
y ~ 25,446 + 2,097(x)b 
y ~ 15,799 + 5,065(x)' 
y ~ 14,937 + 4,702(x)' 
y ~ 23,938 + 3,667(x)' 
y ~ 17,599 + 4,648(x), 
y ~ 15,504 + 4,907(x)' 
R2 
97,15 
98,48 
97,63 
92,71 
98,12 
96,53 
93,86 
Equations in the column sharing a common superscript do not show a significant difference in slope 
(P > 0,05). 
Comparison of the slopes of curves obtained for the crumble and flake diets prepared from the 
commercial formulation revealed significantly (P < 0,05) higher growth rates in the crumble 
formulations. Growth of fish fed the heat and cold treated crumbles did not differ significantly. 
However, fish fed the flake containing 2% CMC grew significantly slower than those fed the flake 
only. 
In the second group (semi-purified diets), a similar trend emerged, with no significant difference 
(P > 0,05) between the crumble diets (diets 6 and 7), while the flake formulation (diet 5) yielded 
significantly lower growth rates (P < 0,05). 
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Results of analyses of final mass data paralleled those obtained by comparative analyses of 
regression curves .The average final mass offish which were fed the flake diets (1 , 2, and 5) were 
significantly lower (P < 0,05) than those fed the corresponding crumble diets (Table 4.5). 
The crumble-type diets yielded significantly lower feed conversion ratios than the flake 
preparations for both the commercial and semi-purified diets (P < 0,05). No significant difference 
(P > 0,05) was apparent in feed conversion ratio between the heat and cold treated crumbles in 
the commercial formulation, however in the semi-purified group, feed conversion of the cold-
extruded crumble was significantly lower than the heat treated crumble (P < 0,05) (Table 4.5). 
TABLE 4.5. Initial and final mean masses, feed conversion ratios, percentage mortality and physical 
abnormalities recorded during the 8 week trial. Treatments 1 to 4 = commercial formulation ; Treatments 
5 to 7 = Semi-purified formulation . 
Treatment 
Number 
1. Flake 
2. Flake + CMC 
3. Flake as crumble 
4. Cold-extruded 
crumble 
5. Flake 
6. Flake as crumble 
7 . Cold-extruded 
crumble 
Initial Mean 
Mass*(mg) 
±SD 
31 ,3 ±0,57 
32,6 ±2,30 
32,6 ±1,52 
33,3 ±2,64 
32,0 ±1,73 
32,3 ±1,52 
33,0 ±2,64 
Final Mean Mean FCR* 
Mass*(mg) (56 days) 
± SD ± SD 
209,6 ±ll ,O' 3,02 ±0,23' 
154,3 ±12,6b 3,72 ±O,llb 
268,6 ±14,6' 2,61 ±0,15' 
260,6 ±31 ,9' 2,55 ±0,07' 
180,3 ±14,2d 3,35 ±0,11 d 
233,3 ±27,1' 2,80 ±O,ll ' 
271 ,6 ±21,4' 2,50 ±0,12' 
• Means indicate average value for all fish in each treatment ( 3 replicates). 
Mortalities Fish showing 
Scoliosis andlor 
Lordosis 
18 % 18,4 % 
10% 14,8 % 
5% 
° 
15 % 
° 
23 18,8 
8 
° 
17 
° 
Values in the same column sharing a comnlOn superscript are not significantly different (P > 0,05). 
Refer to Appendix for Anova statistics (dF, F- ratio and level of significance). 
MOltalities occWTed sporadically throughout the experimental period, increasing somewhat during 
the final 2 weeks, notably for the drum-dried flakes, treatments I and 5, where 60 % of the losses 
occurred during this period (Table 4.5). With the exception of the death of some fish showing 
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spinal deformities (treatment 1,2 and 5), no diagnostic clinical lesions or aetiology of death could 
be ascertained. 
Macroscopic spinal deformity was first obseIVed in a few fish during the sixth week of the trial. 
(Figure 4.2; Figure 4.3a and 4.3b). Numbers affected increased rapidly during the final two 
weeks, but were confined to the flake diets (Table 4.5). In none of the crumble formulated diets 
(heat or cold treated) were any cases of scoliosis or lordosis observed (treatments 3, 4, 6 and 7). 
r ' # 
FIGURE 4.2. Macroscopically visible scoliosis in juvenile X. helleri fed heat-treated flake diets. 
(Magnification 3 X) 
Scoliotic fish Normal fish 
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FIGURE 4.3a. Radiograph showing ascorbic acid deficiency induced vertebral subluxation in juvenile X. 
helleri fed heat treated flake diet. (Magnification 10 X). 
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FIGURE 4.3b. Radiograph comparing scoliotic with nonnal juvenile X helleri. (Magnification lOX). 
r - -
. - -
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DISCUSSION 
Despite the inclusion of a relatively stable form of vitamin C, the drum-drying procedure 
employed in the production of the flake diets in this trial resulted in the loss of approximately one 
quarter of the included ascorbic acid. Previous research on formulated fish feeds has 
demonstrated even more marked losses, for example, Hilton et al. (1977) found that during heat 
extrusion of pellets, up to 70% of vitamin C activity was lost, with the onset of this process being 
initiated by the addition of water. Ten percent of these losses occurred within ten seconds of 
immersion of the dietary premix in water . Even where cold pelleting techniques are used, 
significant losses of vitamin C can occur. Sandnes et al. (1984) in preparation of experimental 
cold pelleted diets for trout, found that after processing and drying, ascorbic acid levels were 
reduced from an inclusion level of 1000 mglkg dry feed to only 115 mglkg. 
The loss of27,8 and 24,2 % vitamin C in the commercial and semi-purified flakes respectively still 
provided a final retention level of over 800 mg/kg dry feed in both diets, which was well in excess 
of the minimum vitamin C levels determined for other fish species. However, analysis of the 
commercial flake diet after completion of the trial revealed that almost 90 percent of vitamin C 
activity had been lost. This highlights the importance of potential nutrient losses which may occur 
during prolonged storage of fish feeds, and where feeds are manufactured in situ on commercial 
fish farms, production oflarge quantities of feed requiring storage should be avoided. 
The poor growth rates, feed conversion ratios and increased incidence of vitamin C deficiency 
signs obsetved in fish fed the flake diets in comparison to those fed crumbles (either cold-extruded 
or reformulated from flakes) indicates that a substantial loss of nutrients occurred at the time of 
feeding, probably through leaching into the water. This hypothesis is further substantiated by the 
results of the leaching trial. Leaching of ascorbic acid into water during processing and at feeding 
thus appears to constitute a major cause of vitamin C loss. The rate ofleaching is dependent upon 
a number offactors, including the solubility of the specific chemical form used, the duration of 
exposure, water temperature (Soliman et al. , 1987) and the physical binding properties and 
surface area to volume ratio of the individual feed particle. Yamamoto (1982) reported that, in 
his test diets, 99% of ascorbic acid activity was lost after only five minutes immersion in water. 
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In the present experiment, where flake feed was exposed to aquarium water at 28°C for 10 
minutes, 80 % of the vitamin C activity was lost, further demonstrating the potential magnitude 
of nutrient losses which may occur in flake diets as a result ofleaching. The physical deformities 
that occurred from the sixth week of the trial, including severe scoliosis and lordosis are typical 
of ascorbic acid deficiency in fish. In view of the vitamin C losses demonstrated in this 
experiment, both through heat treatment and more importantly via leaching from the flake diets, 
vitamin C deficiency was diagnosed as the aetiology for the spinal deformities. Perhaps as 
important as the macroscopic lesions observed, are the effects of vitamin C deficiency on the 
immunocompetence in fish, particularly in the context of large scale ornamental fish culture, 
where fish are subject to exposure to various environmental stressors and possibly high pathogen 
challenges. Although no measurements of immunocompetence were quantified in the present 
study, previous works (Navarre and Halver 1989; Durve and Lovell, 1982; Li and Lovell, 1985) 
suggest that dietary ascorbic acid level could be utilized as a practical management tool to 
minimize disease occurrence in aquaculture, especially under conditions of intensive production. 
Halver (1985) recommends that the minimum dietary vitamin C level for optimum growth of fish 
under ideal environmental conditions, be increased five to ten fold, where exposure to physical 
or environmental stressors, or potential toxins or pathogens occurs. 
In commercial production of X helleri and other tropical fish species, where fish are cultured in 
outdoor or plastic covered ponds exposed to sunlight, supplementation of dietary ascorbic acid 
is obtained through grazing on algae and aquatic fauna. However, where stocking densities are 
high enough to limit the availability of primary food, or where pond management is such that poor 
primary production is stimulated, through inadequate or no fertilization of ponds prior to 
stocking, subclinical or even clinical signs of ascorbic acid deficiency may occur. Lovell and Lim 
(1978) demonstrated that when channel catfish were held at high stocking densities in fertilized 
outdoor production ponds, additional supplementation of vitamin C was required in the diet in 
order to prevent the occurrence of scoliosis and lordosis in their experimental fish. Based on the 
results of the present experiment, where swordtails are kept in tanks providing little or no 
supplementary nutrition by way of primary production, a crumble-type diet is recommended, to 
ensure adequate vitamin C intake. 
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No apparent difference was obseIVed between the heat and cold treated diets for the commercial 
formulation crumble diets, while in the semipurified diets, the cold-extruded type pelformed 
significantly better than the drum-dried form. 'This indicated that in this second group, the 
nutrient losses which occurred as a result of the heat processing were significant. 
The ready consumption of the crumble diets by X helleri, seen together with the significantly 
better growth rates, more efficient feed conversion and lowered incidence of deficiency signs, 
indicates that this form of presentation is superior to flakes in this species. On the basis of these 
results, a crumble diet, preferably produced via a cold-extrusion technique, offers a desirable 
alternative for commercial culture of swordtails, and other aquarium fish species which find this 
form of diet acceptable. 
Where flake diets are used, additional vitanIin C supplementation must be ensured, either through 
increased inclusion levels in the dietary formulation or via stinIulation of primary production in 
the culture tanks. The use of a feeding strategy involving frequent, small feeds, ensuring rapid 
ingestion of feed may possibly also contribute to limiting nutrient losses through leaching. 
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CHAPTERS 
THE EFFECT OF LIVEFEED SUPPLEMENTATION ON GROWTH AND SURVIVAL 
OF JUVENILE SWORDTAILS. 
INTRODUCTION 
New born fry of live bearing fishes are relatively large and precocious in comparison to oviparous 
ornamental fish. As a resuh livebearers will readily accept artificial diets as a first feed, provided 
the particle size is small enough for ingestion, and the feed is palatable. In co=erciallivebearer 
production in South Africa, fish are commonly reared from birth to marketable age on flake feeds. 
In some instances a degree of primary production of phyto- and zooplankton is stimnlated in grow 
out ponds by means of prior fertilization ofpond water before stocking. lbis source of nutrition 
tends to be unpredictable, and does have associated disadvantages, for example, the attraction of 
predatory insects such as diving beetles and dragon flies to the green water, as well as large 
diurnal fluxes in pH and dissolved oxygen concentration caused by the algal bloom. 
Young of oviparous fish such as the goldfish Carassius auratus are raised on livefeed including 
rotifers and brine shrimp during their early stages, and it is generally accepted amongst 
aqnaculturalists that livefeed is vastly superior to artificial diets in young, rapidly growing fish of 
most species. 
Beck (1978) stated that no single formulated artificial fish diet can provide equivalent survival or 
growth rates in comparison to livefeed, and despite the recent advancements in fish feed 
technology, livefeed organisms remain an indispensable feed supplement in the culture of many 
species. Shariff and Subasinghe (1992), in a discussion of the ornamental fish trade suggested that 
despite the use of so-called "complete" artificial formulations, the importance of livefeed in 
providing a suitable natural balance of vitamins and minerals could not be over emphasized. In 
recent research concerning the merits of artificial versus livefeed in juvenile fish, the growth 
performance of goldfish fry was notably improved when dry diets were supplemented with live 
brine shrimp (Artemia salina) (Mills et al., 1993). Abi-Ayad and Kestemont (1994) also 
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demonstrated that goldfish fly fed a combination of artificial dry feed and brine shrimp exhibited 
better growth than did fish fed on either of the diets alone. Furthermore, their results indicated 
that the exogenous proteolytic enzymes obtained from the livefood played an import,ant role in 
the digestion and assimilation offood, especially during the first three weeks of development. In 
the goldfish fly which received only dry feed, hepatic atrophy and later degeneration was evident. 
The rationale behind the present experiment was to determine whether similar benefits to those 
descnbed in goldfish fly would be manifested in X helleri fly when fed on livefeed supplemented 
diets. 
Daphnia sp. was selected as a representative livefeed organism for this experiment. Daphnia are 
aheady produced on many ornamental fish farms in South Africa and could thus be used 
practically in poeciliid culture. Furthermore, data on the nutritional value of cladocerans in 
general, and Daphnia in particular, is readily available. Preliminary trials revealed that swordtail 
young of thirty milligrams or more, readily caught and consumed Daphnia upon presentation. 
Daphnia have been shown to be more effective in promoting growth of young in certain 
freshwater fish species than other livefeeds such as Artemia. For example, in research on growth 
of young paddlefish (,polyodon spathula), another species capable of ingesting relatively large 
livefeed organisms at an early age, Webster et al. (1991) found Daphnia pulex to be the most 
effective livefood tested. 
Colour is an important quality criterion in aquarium fish, as ornamental fish hobbyists tend to 
prefer fish exhibiting brighter and more clearly defined coloration. Fish obtain carotenoid 
pigments from their diet and crustaceans, including cladocerans such as Daphnia are known to 
constitute a rich source of carotenoid pigments (Hardy, 1989). Apart from their role in 
pigmentation, the exact physiological functions of carotenoids in fish have not been fully 
elncidated. However, it is thought that these pigments play an important role in protecting tissues 
against photodynamic damage and intracellular oxidation (Tacon, 1981). 
The aim of this experiment was thus to evaluate the benefits of livefeed supplementation on 
growth rate, survival, degree of pigmentation and prevention of nutrient deficiency signs in 
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juvenile swordtails fed primarily on a dry artificial diet. 
MATERIALS AND METHODS 
Experimental Diets 
Four dietary regimes were compared during the growth trial. Two drum-dried flake diets, one 
an in-house preparation formulated for general use on ornamental fish farms (referred to as the 
funn flake treatment) and Tetra Ruby®, a commercial flake designed for maintenance requirements 
and colour enhancement of ornamental fish (referred to as the commercial flake treatment), were 
fed as separate treatments. The third diet consisted of the farm flake supplemented daily with live 
Daphnia sp. (flake + Daphnia treatment), while in the fourth treatment, referred to as the 
Daphnia treatment, fish received Daphnia sp. exclusively. 
The exact formulations of the flake diets were proprietary information, however the major protein 
sources of the farm flake included fish meal and soya oil cake meal, while soya oil and a fish oil 
(Marinol-R) were used as a lipid source. The specified proximate compositions of the farm and 
commercial flake diets are presented in Table 5.1. Both flake diets were milled and sieved to 
obtain an identical, readily ingestible particle size (200 - 400 Il-m diameter) and these were stored 
in a blast freezer at -20°C until required. 
TABLE 5.1. Proximate composition offlake diets. 
Moisture Content 
Crude Protein (Thy Matter) 
Lipid (Thy Matter) 
Vitamin C 
6,7 % 
41,8 % 
14,7% 
Farm Flake 
1200 mg/kg Thy Feed' 
J and 2 : L-ascorbyl-2-polyphosphate. 
5,8% 
45% 
5% 
Tetra-Ruby" 
>440 mg/kg Thy F eed2 
A series offour 3000 litre "portapool" plastic ponds were used for culture of Daphnia sp .. These 
were located outside under a cover of nylon shadecloth. Aeration was supplied to each pond. 
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Prior to filling with municipal tap water, ponds were sterilized with a dilute formalin solution, 
rinsed and allowed to dry completely. Once filled, the ponds were left standing, with vigorous 
aeration, for a period offour days, to ensure elinrination of chlorine from the water. 400 rnl of 
finely milled fishmeal was then mixed into the pond water as primary fertilization. Depending on 
water temperature, the pond was then allowed to stand for a further three to seven days, until a 
visIble algal bloom was present. Seeding with Daphnia sp. from a pre-established pond was then 
carried out. Additional fertilization of cultures was performed every other day, using 30 rnl 
ground fishmeal and 7 rnl brewers yeast powder per tanl" 
Due to the unpredictable levels of production in the ponds, the cultures in the four tanks were 
initiated at one week intervals, thus ensuring a constant supply of sufficient Daphnia sp. 
throughout the experimental period. 
Daily harvesting of Daphnia sp. was performed using a fine nylon aquarium net. The sample was 
then drained by blotting the net on paper towel for a period of 30 seconds in order to remove 
excess water. 
Moisture content of the drained, concentrated Daphnia sp. was determined prior to the initiation 
of the feeding trial. Triplicate samples of 0,5 gram were dried to a constant weight in a 
convection oven (48 hours at 1000e), and the moisture content determined. A mean of these 
results indicated that the moisture content of the Daphnia sp., as fed in this experiment, was 
93,6%. 'This is marginally higher than figures quoted in the literature (91,2% - Webster e/ al., 
1991; 90,73% - Watanabe e/ al., 1983; 89,3% - Watanabe et al., 1978) and was probably due to 
the adhesion of a small quantity of water between the clumped organisms. 
Experimental System 
A closed, fully recirculating system incorporating both trickle and submerged types of biological 
filtration was used for this trial. (See Figure 3.1). Twelve 20 litre glass aquaria were arranged 
in three tiers, with three replicates for each treatment being allocated to tanks according to a 
randomized block design. Two inflow pipes incorporating a flow control valve supplied each 
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tank, while the outflow port was covered with fine nylon gauze, in order to prevent escape of fish 
or wastage offood. Tanks were covered with plastic-laminated cardboard. Water temperatme 
was controlled at a constant 26°C for the dmation of the experiment. Heating was provided by 
a 2 kW element in the system sump tank, linked to a solid phase thermostat. Total volume of the 
system, including sump tank and filters was 1300 litres. Flow rate to the tanks was 1 litre per 90 
seconds, resulting in 2 water changes per hom. Ambient air temperature in the room housing the 
aquaria was controlled by means of an air conditioner. Aeration was supplied via an airstone in 
each tank, coupled to a low preSSUl'e, sidechannel air blower. A 14 hom light : 10 hom dark 
photoperiod was maintained through fluorescent lighting controlled by an automatic timing 
device. 
All tanks were siphoned clean weekly, while water pH and total ammonia were tested weekly. 
pH was detennined by means of an electronic pH meter (pHep 1-Hanna Instruments), while total 
ammonia was tested using a commercial colour reagent test kit. A pH of 7,4 ± 0,1 was 
maintained throughout the 7 week period, while total ammonia never exceeded O,OOlmg/litre. 
Experimental Fish and Feeding Regime 
240 ten day old Xiphophorus helleri fry (red victory/red twinbar strain) were selected at random 
from the broods of three broodstock fish, all born within a 24 hour period. These were randomly 
distributed in the twelve test aquaria, 20 fish per tank. An acclimation period of one week was 
allowed, dming which a commercially available aquarium fish diet (Tetra-Min® "Baby Fish Food 
for Livebearers") was fed to satiation three times daily. 
Feeding dming the comse of the trial was carried out three times daily, with the exception of days 
when weighing was performed, when the first feed was omitted. An initial feeding rate of fifleen 
percent total body mass per tank per day was calculated and meaSUl'ed on a dry matter basis for 
the flake diets. Satiation feeding was practised, with small quantities of feed provided and fish 
monitored until active feeding ceased. Feed remaining at the end of each week was then weighed 
and the true feeding rate calculated. The feeding rate was thus readjusted on a weekly basis and 
the quantities of food (dry matter) fed per fish, expressed as a percentage of body weight 
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calculated. 
Drained Daphnia sp. were measured into the test tanks using a 3 mm wide spatula, which allowed 
the accurate measurement ofa constant mass of Daphnia sp. on a repeatable basis. The relatively 
slow feeding on the Daphnia sp. made it diflicult to judge the point at which satiation was 
achieved, however sufficient livefeed was introduced to ensure that a few live organisms were still 
present in the tanks one hour after feeding. 
In the flake + Daphnia treatment the first feed of the day consisted of livefeed, while in the 
Daphnia treatment all three feeds constituted Daphnia sp. only. 
Weighing of fish was carried out weekly, using a Mettler A240 Electronic scale, reading to 3 
decimal places. As the fish were too small to be accurately weighed on an individual basis without 
incurring injury from handling, collective weighing was performed. The technique used involved 
catching and counting all fish in a tank, decanting these into a small nylon net, and then drying the 
net for 30 seconds on paper towel. In this fashion most of the excess water on the fish was 
removed. The fish were then carefully transferred to a pre-measured beaker of water on the scale, 
and the total mass of fish recorded. An average mass for individual fish could thus be calculated. 
During the process of weighing, all fish were carefully examined for any morphological 
abnormalities, or swimming defects. Where these occurred, such observations were recorded. 
Any mortalities during the preceding week were also noted at each weighing. 
For determination of differences in degree of skin pigmentation at the end of the trial period, the 
replicates were randomized, so that each row of tanks contained one replicate from each 
treatment. Thirty four people were then requested, having studied the fish under constant lighting 
conditions, to complete a questionnaire rating the fish in each row according to their perception 
of the degree of red pigmentation. A rating of 0, 1,2 or 3 could be selected, where 0 indicated 
the least pigmented (palest red colour) and 3 represented the most pigmented (darkest red 
colour). 
The experiment was continued for a period of seven weeks, with growth of fish, mortalities, 
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occurrence of physical abnormalities, obseIVations on behaviour and degree of skin pigmentation 
recorded. 
Statistical Analysis 
One-way analysis of variance, with multiple range testing (Tukey's) was used to determine 
statistically significant differences between means, where required. 
In order to ensure utilization of all data points when comparing growth CUIVes, simple and 
multiple linear regression of slopes was carried out. Analysis of covariance (Zar, 1984), with the 
use of a one-tailed T-test for F-values was used to determine whether significant differences in 
slopes were present. For all treatments, analysis of the slopes of growth CUIVes for the three 
replicates within a treatment was first performed, and only if no significant differences between 
replicates was present, were data from the replicates pooled. 
ObseIVations of degree of pigmentation were compared by means of contingency table analysis 
(Zar, 1984). A four by four contingency table was used to determine whether significant 
differences were present between treatments when all observations were considered. Two by 
four contingency tables were used to compare obseIVations on pairs of treatments. The stated 
null hypothesis was that no significant differences in degree of pigmentation should be present 
between fish fed the four dietary treatments. 
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RESULTS 
Livefeed supplementation had a positive effect on the growth rate of swordtails. The highest 
growth rates were observed in the fish fed on the farm flake + Daphnia and the Daphnia only 
diets (Figure 5.1). 
~,------------------,-----------------------------------------. 
DIET 
1. Farm ftake 
2. Flake + Daphnia 
3. Daptria 
200 - 4. Commerdal flake 
0+--------,--------,-,------,--------,--------,--------.-------4 
7 14 21 2. 35 42 
TIME-OAYS 
FIGURE 5.1. Growth curves (mass) of juvenile X helleri fed four test diets over a seven week trial period. 
In order to facilitate statistical analysis, mass data was log transformed and linear regression 
curves derived (Table 5.2). 
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TABLE 5.2. Linear regression equations for Ln transformed data for growth curves (mass) of each dietary 
treatment. 
Dietary Treatment Regression Equation R2 
1. F arm flake y = 3,359 + 0,040(x)' 98,27 
2. Flake + Daphnia y = 3,392 + 0,041(x}" 99,55 
3. Daphnia y = 3,248 + 0,041(x)' 96,85 
4. Commercial flake y = 3,410 + 0,035(x)' 99,18 
Equations sharing a common superscript do not show significant differences in slope (P > 0,05). 
The slope of the curves for the flake + Daphnia and Daphnia only treatments were significantly 
steeper than for the flake only diets (P < 0,05), confirming the more rapid growth rate achieved 
on the diets containing livefeeds. No significant differences were present when comparing the 
slopes of the two flake diets or those of the Daphnia supplemented diet and the Daphnia only 
diet. 
Analysis of variance of means of final masses confirmed the observed trends in growth rate with 
the mixed diet (funn flake supplemented with Daphnia) yielding a significantly higher final 
average mass per fish than the farm flake alone (P < 0,05) (Table 5.3). 
TABLE 5.3. Values for various parameters measured over a seven week trial period. 
Dietary Treatment Initial Mean Final Mean MeanFCR MeanPER* Mortalities 
Mass*(mg) Mass*(mg) * (49 days) (Mean of3 
±SD ±SD (49days) replicates) 
Farm flake 29,6±2,9 170,3±13,4' 2,25' 1,06' 13,4%' 
Flake + Daphnia 31,3±1,5 210,1±5,7b 1,89b 1,07' Ob 
Daphnia 31,4±1,7 196,4±24,6"" 2,65' 0,66b 15%' 
Commerci al flake 31,5±1,8 180,0±1l,9'b 2,16,b 1,03' 8,4%' 
* Means indicate average value for all fish in each treatment (3 replicates) . 
Values in the same column sharing a common superscript are not significantly different (p > 0,05). 
Refer to Appendix for Anova statistics (dF, F- ratio and level of significance). 
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Scoliosis 
and/or 
Lordosis 
13,5% 
0 
0 
0 
The amounts of feed consumed per treatment (dry matter), expressed as a percentage of mean 
body mass are presented in Table 5.4. The fish receiving the Daphnia-supplemented diet 
consumed significantly less feed than did the other treatments. 
TABLE 5.4. Quantities offeed (flake feeds and Daphnia sp.) fed over seven week experimental period. 
Week Farm flake 
mg! 
1 16,7 
2 25,8 
3 32,8 
4 41,9 
5 54,9 
6 68,9 
7 74,9 
%( week 1-7)' 
%2 
8,2 
9,4 
9,96 
9,94 
9,91 
9,22 
7,81 
9,21' 
±0,36 
Flake 
9,9 
17,1 
22,3 
31 ,2 
43 ,9 
46,1 
61,0 
Flake + Daphnia 
mg! 
Dap- Total 
hnia 
1,51 11 ,41 
2,88 19,98 
6,93 29,23 
13,84 45,05 
20,77 64,67 
27,67 73,77 
34,6 95,6 
0/02 
5,21 
6,98 
8,08 
10,0 
10,2 
8,58 
8,26 
8,20b 
±0,17 
Daphnia 
mg! 
4,04 
9,45 
23,1 
49,8 
74,5 
101 ,4 
131,5 
%2 
2,29 
3,88 
8,07 
13 ,68 
13,91 
12,56 
11 ,16 
9,36' 
±0,08 
! Average mass feed (dry matter) ingested per fish , per week (milligrams). 
Commercial 
Flake 
mg! 
15,57 
26,23 
32,7 
42,2 
55,8 
68,2 
79,9 
%2 
7,06 
9,07 
9,42 
9,96 
9,94 
9,38 
8,15 
9,00' 
±0,44 
2 Feed fed per fish, per day ; expressed as a % of average body mass (beginning of week). 
3 Feed fed per fish, per day; expressed as a % of average body mass ± S.D. (entire experimental period). 
Values in the same row sharing a common superscript are not significantly different (P > 0,05). 
Feed conversion ratio was significantly better (lower) for the mixed diet (P < 0,05) in comparison 
to the treatments receiving either furm flake or livefeed only. No significant difference in growth 
rate or feed conversion ratio was present between the two types of flake tested (P > 0,05). 
Although the feed conversion ratio of the fish fed the mixed diet was lower than those fed on the 
commercial flake, the difference was not statistically significant (P > 0,05). 
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The protein efficiency ratio over the seven week period did not differ significantly amongst all 
three treatments receiving the flake diets or the flake + Daphnia diet, however the fish receiving 
Daphnia only exhibited a significantly poorer (lower) protein efficiency ratio (P < 0,05) (Table 
5.3). 
Significantly less (zero) mortalities occurred in the fish receiving the Daphnia supplemented flake 
diet, when compared to the other three treatments (P < 0,05) (Table 5.3). The majority of 
mortalities occurred from the fifth week of the experiment onwards, with no obvious macroscopic 
aetiology visible. 
By the end of the experiment, physical abnormalities indicative of ascorbic acid deficiency, 
including severe lordosis and scoliosis were present in 13,5 percent of the fish fed the farm flake 
only. In no other treatment did these symptoms occur. Other symptoms of vitamin C deficiency 
were observed in farm flake only treatment from week six onwards with fish in all three replicates 
becoming lethargic in their swimming action and exhlbiting a depressed appearance with dorsal 
and anal fins held close to the body. As these symptoms progressed, some fish became anorexic, 
and tended to swim in a tail-down position, spending prolonged periods resting on the bottom of 
the tank. At this stage the spinal deformities began to appear. 
Observations on colour of fish, after analysis using contingency tables, revealed that fish in 
treatment 3 (Daphnia only), were perceived to be significantly more pigmented (red) than the fish 
in the other treatments (Figure 5.2). 
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FIGURE 5.2. Distribution of observations of degree of red pigmentation injuvellileX. hell.,? fed one offour 
dietruy treatments for 7 weeks . Rating of ° indicates least (palest) red colour, while 3 represents most 
(darkest) red colour. Alphabetic characters denote statistically significant differences (p < 0,05). 
DISCUSSION 
The significantly higher growth rate and feed conversion ratio of swordtails fed dry feed 
supplemented with Daphnia sp. compared to those fed dry feed only is consistent with other 
studies on livefeed supplementation, and a number of possible explanations exist for this 
phenomenon. These include the effect of the protein and lipid composition of the livefeed 
organism, as well as a possible influence by exogenous proteolytic enzymes or micronutrients. 
A synergistic role between essential nuttients obtained from the livefeed and those supplied by the 
artificial diet is suggested. 
The crude protein content of Daphnia sp. has been determined in a number of previous studies 
(Webster et aI., 1991; Fernando and Phang, 1985; Watanabe et at. , 1978). These values ranged 
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fi'om 62,5 % to 65,6 % with a mean of 63,5 % on a dry matter basis. Consideriog the crude 
protein content of the commercial flake was 41,8 %, the supplementation of this diet with 
Daphnia sp. allowed the ingestion of quantitatively more protein, at similar rates of feeding. In 
previous trials examining the relationship of protein to energy in diets for swordtails (Chapter 3) 
the optimum dietary crude protein level was established to be around 45 %. Furthermore, the 
protein quality of livefeeds, including Daphnia sp. has been shown to be excellent, when 
compared to artificial feeds (De la Noiie and Choubert, 1985). The essential amino acid 
composition of Daphnia pulex is favourable for inclusion in fish feeds, as the organism is rich in 
arginine and lysine, two of the commonly limiting amino acids (Yurkowski and Tabacher, 1979). 
Watanabe et al. (1983) demonstrated that the net protein utilization (NPU) of Daphnia when fed 
to rainbow trout was very high. However, in the present experiment Daphnia sp. 
supplementation yielded no improvement in protein efficiency ratio and the PER recorded in the 
fish fed Daphnia sp. only was markedly poorer than in either of the flake diets or the mixed diet. 
It would appear thus that factors other than merely an increase in protein ingestion played a role 
in improving the performance of the fish receiving the livefood supplement. 
The presence of essential fatty acids in livefeed organisms may play an important role in 
promoting growth Vvhen used as a dietary supplement in fish. Although essential fatty acid (EFA) 
requirements of X helleri have not been documented, one can assume that these are similar to 
other fish species. In general fish require a dietary source of linolenic (18:3n3) acid (Sargent et 
al., 1989). While certain species require long chain highly-unsaturated fatty acids in their diets 
(Webster and Love11, 1990), others are capable of production of docosahexanoic (22:6n3) acid 
and eicosopentanoic (20:5n3) acid through elongation of linolenic acid. Daphnia are particularly 
rich in linolenic and eicosopentanoic acids, and thus constitute a rich source ofEFA's (Watanabe 
et al., 1983). An important consideration, when feeding livefeed is the elimination of the risk of 
oxidative destruction ofEFA's through incorporation of the fatty acid within a living organism 
The tatty acid content of the Daphnia will vary, to a certain extent, depending on the method of 
culture employed, particularly with respect to the fatty acid composition of the substrate used for 
fertilizing Daphnia cultures. It is possible that in the current experiment, the Daphnia sp. may 
have served as a useful source of essential fatty acids, thus enhancing growth where used as a 
supplement to flake feed. 
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Much research has focused on the role that proteolytic enzymes in livefeed play in the digestive 
process offish, particularly in young fish. Mills et al. (1993) and Abi-Ayad and Kestemont (1994) 
demonstrated that in goldfish fry, dietary exogenous enzymes are critical for efficient protein 
digestion up to the age oB weeks. In Corygonus sp. (hybrid: C. wartmanni X C. larvretus) fed 
on cladocerans (MOina sp.), exogenous trypsin was found to be very important in digestion in fry 
up to 60 days old (> 150 mg) (Lauff and Hofer, 1984). In juvenile X hel/eri, although relatively 
more developed at birth than goldfish fry, it is possible that the improvement in growth rate and 
feed conversion seen in the livefeed-supplemented diet is, at least partially, a result of more 
efficient digestion and assimilation of protein due to the effects of exogenous enzyme activity. 
Dabrowski and Glogowski (1977) concluded that exogenous proteolytic enzymes are important 
for optimal digestion, not only in fish fry, but throughout the lives of many fish species, and 
suggested that where the feeding of live food is impractical, proteolytic enzymes be incorporated 
into dietary formulations. 
Daphnia sp., and other livefeed organisms, constitute a rich source of vitamins including ascorbic 
acid. Because the organisms are fed to the fish alive, the loss of these nutrients through oxidation 
or leaching, which can readily occur in artificial feeds, is prevented. For example, Grabner et al. 
(1981) demonstrated that substantial nutrient (enzyme and amino acid) losses occurred when 
cladocerans were freeze.. dried. 
The observation that no signs of ascorbic acid deficiency occurred in fish fed the Daphnia-
supplemented diet (treatment 2), while 13,5 % of fish on the non-supplemented flake diet 
exhibited scoliosis and lordosis, indicates that a vital supplement ofvitarnin C was provided by 
the Daphnia sp .. A similar observation was made by Mills et al. (1993) who observed that 6,5 
% of goldfish larvae receiving a dry diet exlubited morphological signs of ascorbic acid deficiency, 
while this was completely prevented by supplementation with brine shrimp. Young, fast growing 
fish are most susceptible to the effects of marginal nutrient deficiencies in their diets. It would 
appear, on the basis of these results, that a practical means of eliminating these risks, where diets 
are based on artificial dry feeds, is by daily supplementation of the diet with livefeed such as 
Daphnia. 
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In the present experiment, fish fed the Daphnia sp. supplemented diet showed a higher survival 
rate than any of the other treatments, including treatment 3, where livefeed only was provided. 
The mortalities recorded in fish fed the farm or commercial flake exclusively, or Daphnia only 
diets over a relatively short period of 7 weeks, indicates that very substantial losses may occur 
during the three to four months required to grow X helleri young out to a marketable size. No 
mortalities were recorded in the mixed diet treatment, and from a commercial point of view this 
constitutes a strong argument in favour of using regular livefeed supplementation in intensive 
production situations. 
Despite the inclusion of synthetic carotenoid pigments in the two flake diets, fish fed Daphnia sp. 
only exhibited significantly darker red pigmentation in comparison to all other treatments. This 
indicates that although Daphnia do provide an important source of carotenoid pigment, inclusion 
levels of live feed would need to be higher than those used in the Daphnia-supplemented diet in 
this trial, in order to make a significant difference to the colour of the fish. It is possible though, 
that even at low inclusion levels, if the Daphnia supplement was fed for a long enough period, 
that benefits would be seen in pigmentation. 
In conclusion, the results of this experiment demonstrate the significant beneficial effects of 
livefeed supplementation on growth and survival of ornamental fish cultured under intensive 
conditions. 
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CHAPTER 6 
THE INFLUENCE OF LIVEFEED SUPPLEMENTATION ON GROWTH AND 
REPRODUCTIVE PERFORMANCE OF SWORDTAil.. BROODSTOCK 
INTRODUCTION 
Many environmental factors, particularly the level and quality of available nutrition and ambient 
temperature playa role in determining the reproductive success of brood stock fish (Wootton, 
1982). Large commercial producers of swordtail fish (Xiphophorus helleri) and other poeciliid 
aquarium fish in Singapore emphasize the importance of regular supplementation of formulated 
feeds with livefood, usually Daphnia sp. or tubificiid worms (Fernando et al., 1991). On South 
African ornamental fish farms, poeciliid broodstock are fed primarily on formulated drum-dried 
flake diets. 
Nutrition has been recognized to have a profound effect upon gonadal development and fecundity 
in fish (Watanabe, 1985). Although most previous work on broodstock has focused on 
endocrinological aspects of reproduction and the effects of environmental factors on breeding, 
manipulations of food quantity and quality can modi1Y reproduction in captive broodstock fish to 
a significant degree (Luquet and Watanabe, 1986). 
Within a bioenergetics model, dietary energy resources of a mature fish are partitioned between 
reproductive output, and somatic maintenance and growth requirements. Maintenance 
requirements must be satisfied before gonadal development can occur. In fish and other 
vertebrates, reproduction is one of the first physiological fimctions to become limited where 
nutrition is restricted or suboptimal. Correct nutrition of breeding fish becomes particularly 
critical when they are artificially maintained in a breeding cycle for long periods. In the present 
experiment this was achieved by artificially elevating the water temperature, using an insulating 
tunnel, combined with water and air heating. Cech et al. (1992) kept mosquito fish (Gambusia 
ajJinis) in a continuous breeding cycle using photo stimulatory conditions. (This species is more 
sensitive to photoperiod than temperature - Milton and Arthrington, 1983). These authors 
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showed that supplementation of commercial flake diets with livefeed (tubificiid worms) resulted 
in increased survival and fecundity of breeding females. 
Temperature is the primary controlling factor determining food consumption in fishes. Within the 
normal physiological temperature range of a species, the difference between maximum ration 
consumed and the maintenance ration increases with temperature, and thus the quantity of energy 
available for reproduction after somatic requirements have been fulfilled also increases (Wootton, 
1982). In X helleri, temperature has been shown to be more important than photoperiod in 
controlling reproduction, with cessation of reproductive activity at temperatures of below 15°C 
(Milton and Arthington, 1983). 
Lifetime fecundity of a broodstock fish can be defined as the product of the fecundity per 
spawning, the number of spawnings per breeding season, and the number of breeding seasons. 
Minimnm age at:first reproduction is genetically determined within a species, with the exact age 
dependent upon environmental factors which affect rate of growth, particularly temperature and 
nutrition. For example, Vondracek et al. (1988) demonstrated that female mosquito fish 
(Gambusia affinis) maintained at high temperatures reproduced at an earlier age and larger size 
than did conspecifics held at lower temperatures. Furthermore, the fry from these females were 
larger at birth, suggesting a competitive advantage in survival. A quantitative reduction in ration 
in young fish may delay maturation and thus lower eventual lifetime fecundity (Scott, 1962; 
Hester, 1964). The effect of ration size on fecundity may be further modified by various 
environmental factors, for example, population density (Dahlgren, 1979). Information on the 
effect of food supply on spermatogenesis in male fish is scarce. In male goldfish fed a limited 
ration, a degree of testicular atrophy occurred, with a concurrent decrease in spermatogenesis 
(Clemens and Reed, 1967 - cited in Luquet and Watanabe, 1986). 
Fecundity in fish is generally positively related to body size, and thus improved food availability 
and higher temperatures which produce faster growth, will result in larger and more fecund 
individuals (Bagenal., 1969; Wootton, 1973a and 1973b; Hislop et aI., 1978; Townsend and 
Wootton, 1984; Springate et aI., 1985). In X helleri a linear relationship has been demonstrated 
between fecundity and size offemale fish (Milton and AIthrington, 1983). 
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The effect of dietary crude protein level on fecundity varies between fish species (Luquet and 
Watanabe, 1986; Watanabe, 1984a). In work on another tropical ornamental fish, the dwarf 
gourami (Colisa Ialia), both gonadosomatic index and fecundity were affected by the level of 
protein in the diet, with the highest fecundity obtained on a diet of25 to 45 % protein (Shim et 
al. , 1989). No reference could be found relating dietary protein and fecundity in X helleri 
specifically, but two studies have been carried out on the guppy, a generalized poeciliid with a 
similar reproductive strategy to the swordtail Dahlgren (1980) found that guppies fed a high (47 
%) protein diet had higher gonadosomatic indexes than those maintained on lower ( 31 and 15 
%) protein diets, however no difference in fecundity was recorded. By contrast, Shim and Chua 
(1986), working on the protein requirements of the guppy evaluated diets containing graded levels 
of between 0 and 60 % crude protein. They found that fish fed a 40 % protein diet exhibited both 
the highest gonadosomatic index and siguificantly higher numbers of oocytes in the ovaries. 
In lecithotrophic poeciliids such as X helleri, reproductive energy demands are pulsed, with the 
highest demand occurring during the period of vitellogenesis, in particular the first 4 to 8 days 
after parturition of the previous brood. The ability of these fish to build up somatic lipid stores 
during the rest of the reproductive cycle varies between species, and there is some evidence of a 
reproductive lipid (energy) limitation when body lipid content is low (Meffe and Snelson, 1993). 
It is thus important to ensure an adequate dietary energy supply throughout the cycle. 
Of the constituents of a broodstock diet, lipids are the chemical components which most greatly 
affect the egg composition (Mourente and Odriozola, 1990a). Lipids playa major role in 
membrane structure and function, as well as comprising the most important source of energy 
reserve in the developing fish embryo (Sargent et al. , 1989). 
During the primary stages of vitellogenesis, lipids are synthesized from acetate in the ovarian 
tissues. Later, lipoproteins and vitellogenin contribute the majority of lipids laid down in the ova 
(Luquet and Watanabe, 1986). During the final stages, lipids are also diverted from somatic 
adipose tissue to be deposited in eggs. 
Numerous researchers have shown that the fatty acid profile of lipids in a broodstock diet has a 
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direct effect on the fatty acid composition of the eggs and fry (Xu et a/. , 1994 and Mourente and 
Odriozola, 1990a; 1990b). Essential fatty acid deficiencies have been shown to be detrimental 
to oogenesis in fish (Luquet and Watanabe, 1986; Watanabe et aI., 1984b; Watanabe, 1985). A 
possible concern in the exclusive use of drum-dried flake diets in X helleri broodstock was the 
likelihood of a degree of oxidative degradation of essential fatty acids through heat processing and 
during storage. The resulting fatty acid deficiencies may have an adverse effect on the 
reproduction of ornamental fish fed flake diets. Dietary fat soluble vitamins, in particular vitamins 
E and A, are very efficiently transferred to developing eggs (Luquet and Watanabe, 1986), and 
deficiencies of these nutrients may further adversely affect oocyte development (Watanabe, 1985). 
Carotenoid pigment accumulation in gonads and eggs of many fish species is a well documented 
phenomenon. In X helleri mature eggs are a bright amber to orange colour. These pigments are 
obtained primarily from dietary sources, while in sahnonids, muscle reserves are mobilized and 
transferred to the eggs. Suggested fimctions of carotenoid pigments in reproduction include a 
role in spermatazoid motility, a respiratory fimction in ova (Mikulin and Soin, 1975), and a 
possible antioxidant role in eggs. 
Ascorbic acid is essential in broodstock diets. Vitamin C is concentrated in gonadal tissue in fish 
and other vertebrates, where it has a probable role in steroidogenesis and is important for collagen 
synthesis in the ovarian structure. A number of studies have demonstrated the beneficial effects 
of adequate vitamin C provision in broodstock diets in fish (Soliman et at. , 1986; Sandnes et at., 
1984; Eskelinen, 1989). The importance of sufficient dietary vitamin C for optimal growth and 
normal development of juvenile X helleri is discussed in Chapter 4. 
The present experiment was designed to test the hypothesis that livefood supplementation, by 
counteracting marginal nutrient deficiencies present in flake diets, would improve growth and 
fecundity of swordtail broodstock fed a farm flake diet. The design of the experimental system 
duplicated, as far as possible, the culture conditions found in South African commercial 
aquaculture ventures which produce poeciliid species. 
Breeding families of X helleri were fed either on the farm flake diet only or on farm flake 
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supplemented with different quantities of live feed for a period of three months. Besides recording 
information related to growth and reproductive performance of the test fish, this experiment was 
also used to quantifY the reproductive output of swordtails under intensive production conditions. 
In particular, an attempt was made to quantifY the role of parental cannibalism of newborn fiy 
as a limiting factor in poeciliid production. Cannibalism is a widespread phenomenon in many fish 
species and constitutes a significant but often underestimated cause of mortality in fish hatcheries. 
Furthermore, parental cannibalism of young is well documented in many poeciliid species, 
particularly under aquarium or intensive aquaculture conditions. 
MATERIALS AND METHODS 
Experimental System 
A large recirculating system was built which was completely enclosed in a plastic tunnel similar 
to those used in practice on commercial farms (Figme 6.la and Figme 6. lb). This system 
provided effective passive solar heating and allowed utilisation of natural light. The experiment 
was conducted from February to April dming which period an average of 13L: lID photoperiod 
was present. A series of sixteen square fibreglass tanks, each holding 275 litres of water were 
used to house broodstock fish. Shelter for newborn fiy was provided by two mats of 64 nylon 
shadecloth strips (3 em by 45 em), suspended on 1000 cm2 rectangular polystyrene floats in each 
tank. Exactly the same amount of cover in this form was provided in each of the nine tanks used 
during the feeding trial. Inflow into each tank was via an adjustable valve, while outflow was 
through a downpipe, covered with a stainless steel grid, situated in the centre of the tank. Two 
large (6400 1) concrete tanks served as holding and grow-out facilities for fiy harvested during 
the experiment. All tanks drained, via closed PVC piping into a sump / settlement tank of 8800 
I capacity, which in turn drained into the biological filter. The filter consisted of 4,8 m' of graded 
gravel, housed in a 90001 tank, through which water was drawn. Water was then returned to 
cultme or holding tanks by means of a 1, I kilowatt swimming pool pump. 
Both air and water temperatme in the tunnel were regulated. A 2 kilowatt fan heater was situated 
above the level of the cu1tme tanks at one end of the tunnel. This was connected to a thermostat 
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and seIVed to heat the air in the tunnel when air temperatures dropped to below 20°C, effectively 
reducing heat loss from the water through radiation. Conversely, on very hot days, cool air was 
blown through the tunnel, resulting in evaporative cooling. Water was heated by 6 kilowatts of 
thermostatically controlled heater elements, situated in a 350 1 asbestos heater tank, linked to the 
filter. The probe for this thermostat was located at the outflow of the tanks into the sump. 
Water quality parameters measured during the trial period included temperature (minimum and 
maximum), pH, total ammonia and dissolved oxygen level. Flow rate in the culture tanks was 
checked on a daily basis and maintained at 1 litre per 10 to 15 seconds, ensuring a complete water 
change in each tank every threequarter to one and threequarter hours. All tanks were siphoned 
clean on a weekly basis. 
Experimental Fish and Feeding Regime 
Fish were fed on one of three dietary treatments. The control group (treatment 1) were 
maintained on a diet of farm flake only, while the two test groups received live Daphnia sp. 
supplementation, either on a daily or a once weekly basis. The flake diet used was the staple farm 
feed currently produced at Amatiknlu Hatchery, and details of it's proximate composition are 
presented in Chapter 5 (Table 5.1). The flake feed was stored in a blast freezer at -20°C until 
required for feeding. Feeding with the flake diets was carried out twice daily (OShOO and 16hOO), 
while in the treatments where livefeed was provided, this was supplied simultaneously with the 
first feed of the day. On days when weighing and measuring were performed, the morning feed 
was omitted. 
An initial feeding rate of three percent body weight (dry weight feed) per day was fed for the flake 
diet, but it became apparent afJer the frrst week that this was excessive. For the rest of the 
experiment a feeding level of one percent body mass (dry weight feed) per fish per day was used. 
The exact level was recalculated every four weeks, based on the results of the previous weighing. 
In the feeding of live feed, one gram of concentrated Daphnia sp. was fed daily in treatment 2, 
and once a week in treatment 3. To equilibrate the amount offeed fish received in the different 
treatments, the dry mass of the Daphnia sp. fed was taken into account in the livefeed 
supplemented treatments, and the weight of flake feed adjusted accordingly. 
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FIGURE 6.1a. Schematic diagram of experimental system (aerial and side views). 
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FIGURE 6.1 b. Photographs of expelimentafsystem. External view of tunnel structure and layout of culture 
tanks within tunneL 
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The culture, harvesting and technique used for concentrating the Daphnia sp. is described in 
Chapter 5 (Materials and Methods). A calibrated plastic spatula measuring one gram of drained 
Daphnia sp. was used to measure out the livefeed ration. 
Eighty one mature (ten month old) female X helleri (Red VictorylRed Twinbar strain) were 
distributed randomly (nine fish per tank) into nine culture tanks. Two mature male fish were 
added to each group. A tenth tank was stocked with females ranging in size from 34 to over 70 
mm standard length. These were fed flake diet only, and maintained for purposes of 
determination of the relationship between fecundity and size. 
The stocking density of breeding fish per litre was one per twenty five litres, similar to that used 
in commercial farming of swordtails in South Africa (pers. obs.). Three replicates were assigned 
to each of the three treatments, according to a randomized design. Fish were acclimated to their 
new environment for a period of two weeks before the feeding trial was initiated, during which 
they were fed the commercial flake diet to satiation twice daily. 
Weighing and measuring of brood stock was performed on day one of the experiment and then 
every four weeks thereafter. The fish were anaesthetized using 0,4 ml2-phenoxyethenol per litre 
water and, after blotting with paper towel to remove excess water, weighed on a Mettler 3000 
electronic scale, reading to two decimal places. Standard length (in millimetres) was determined 
on a purpose designed glass measuring plate. 
New born fry were removed from the tanks on a daily basis, prior to the frrst feed of the day, 
individually counted, and their numbers recorded. In order to ensure that no juveniles were 
overlooked, all shelter was briefly removed from the tanks. 
At the end of the three month trial period, the absolute fecundity of fish in the three dietary 
treatments was quantified. Over a period of two weeks the frrst three fish in each replicate 
reaching late gestation (very swollen abdomen with developed gravid spot and eyes of embryos 
visible through body wall) were sacrificed by administration of an overdose of 2-phenoxyethenol. 
The following parameters were determined: total mass, standard length, ovarian mass, 
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gonadosomatic index and number offully developed embryos in the ovary. The broodstock kept 
in the tenth tank were culled sequentially as they achieved late gestation, and processed as 
descnbed above. In order to minimize the influence of size on fecundity the number of embryos 
was calculated per mm standard length. 
The average interbrood interval during the experimental period was determined according to the 
method of Vondracek (1988) using the fonnula: 
1 1.7x-
Bin 
where, I = average interbrood interval in days 
B = number of broods per week 
n = number offemale fish 
Statistical Analysis 
One way analysis of variance (ANOVA) with Tukey's multiple range test was used to compare 
means of data where indicated, to determine whether results were statistically significantly 
different. 
RESULTS 
The tunnel system was effective at maintaining water temperatures within an acceptable range for 
survival and reproduction in swordtails (Table 6.1). Diurnal fluctuations were noted in water 
temperature as well as pH and dissolved oxygen readings. Filamentous algae growing in the filter 
and sump tanks was regarded as the major influence on pH and oxygen levels, with photosynthesis 
peaking in the mid to late afternoon, elevating the dissolved oxygen, and simultaneously affecting 
the water pH. Weekly testing for total ammonia using a Hach test kit and spectrophotometry 
revealed no trace of ammonia throughout the experimental period. 
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TABLE 6.1. Water quality parameters (Temperature, pH, dissolved oxygen and total ammonia) during a 
3 month experimental period. 
Minimum Maximum Mean 
Temperature (±SD) 24,6±1,8°C 28,5±1,4°C 26,5°C 
pH 7,3 9,1 8,2 
Dissolved Oxygen 7,4 mgll 12,1 mgll 7.7 mgll 
Total Amrnoni a 
° ° ° 
The decrease in quantity offeed fed between the first and second month (Table 6.2), is as a result 
of the adjustment in feeding rate due to incomplete consumption of the dry feed during the first 
month. The total dry mass of feed consumed by the fish in each treatment did not differ 
significantly (P > 0,05) over the experimental period (Table 6.2). 
TABLE 6.2. Feed fed per fish (grams dry matter) over twelve week experimental period. Numbers in the 
same row sharing a common superscript are not significantly different (p > 0,05). 
Week Number Farm flake only Flake + Daily Daphnia Flake + Weekly Daphnia 
Flake Flake Dap- Total Flake Dap- Total 
hnia hnia 
1-4 1,41 1,39 0,16 1,55 1,41 ,024 1,43 
5-8 1,14 1,01 0,16 1,26 1,09 ,024 I,ll 
9-12 1,31 1,34 0,16 1,50 1,28 ,024 1,30 
Total (1-12) 3,86' 3,74 + 0,48 ~ 4,22' 3,78 + ,072 ~ 3,85' 
Fish receiving daily Iivefeed supplementation grew significantly faster than those receiving weekly 
supplementation or flake feed only (P < 0,05), the latter treatments showing no significant 
differences in either mass or standard length (Table 6.3; Figure 6.2). 
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TABLE 6.3. Initial and final mass, standard length and feed conversion ratios (FCR) for X helleri 
broodstock fed flake feed or flake supplemented with daily or weekJy Daphnia sp. over a 3 month period. 
Treatment Number Mean Initial Mean Initial Mean Final Mean Final Mean 
Mass±SD Length ± SD Mass± SD Length ± SD FCR 
1. Flake food 2,71±O,14 g 44,10±O,80mm 5,14±0,05 g" 54,37±O,49 mm" 1,60' 
only 
2. Flake + daily 2,67±0,04 g 43 ,75±O,20mm 5,97±O,11 gb 56,16±0,64 mmb 1,33b 
Daphnia 
3. Flake + weekly 2,60±0,22 g 42,59±1,10mm 5,Ol±O,27 g' 53,34±O,52 mm" 1,61' 
Daphnia 
Means indicate average value for all fish in each treatment (3 replicates). 
Values in the same column sharing a common superscript are not significantly different (P > 0,05). 
Refer to Appendix for Anova statistics (dF, F- ratio and level of significance) . 
~ 
@. 
~ 
i 
• 
••  
0 
4.5 
4 
3.5 
3 
2.5 
Dietary Treatment 
1·Flake 
2-Flake + d8lJy Dttphnla 
3-Flake + weekly Daphnia 
--
-
2+------------------,-----------------,-----------------4 
1 28 84 
TIME (DAYS) 
FIGURE 6.2. Growth curves (mass) of X hel/eri broodstock fed 3 test diets over a 12 week experimental 
period. 
When compared to fish on the flake diet only, or weekly Daphnia sp. supplemented diet, the fish 
receiving daily Iivefeed supplementation demonstrated a significantly better (lower) feed 
conversion ratio (Table 6.3). 
Only one mortality was recorded amongst broodstock during the experimental period. This was 
a female which jumped out ofits tank. 
The average interbrood interval for females in all treatments was 5 weeks. 
Daily totals of the number of young harvested were summed every 28 days, when weighing and 
measuring of brood stock took place (Table 6.4). A total of 11819 juveniles was collected over 
the 12 week experimental period, with the numbers harvested increasing monthly in each 
treatment. No significant difference between treatments was demonstrable when the average 
number offry per female per month was compared (P > 0,05) (Table 6.4). 
When absolute fecundity was determined in the fish sacrificed after completion of the trial, the fish 
on the daily Iivefeed supplemented diet had significantly higher numbers of developing embryos 
per female (P < 0,05) (Table 6.5). 
Although the average mass and standard length of the culled fish did not differ significantly (P > 
0,05) between treatments, the mean ovarian mass of fish receiving Daphnia sp. daily was 
significantly (P < 0,05) greater than those fed on the unsupplemented flake diet (Table 6.5). 
However, the gonadosomatic index and individual embryo mass did not differ significantly 
between treatments (P > 0,05) (Table 6.5). 
Regression analysis offecundity against standard length offemale broodstock fish maintained on 
a diet offlake food only demonstrated a clear linear relationship (Figure 6.3). 
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TABLE 6.4. Number of newborn X helleri fiy harvested monthly from each replicate tank (9 female 
brood stock per tank). Values in the same column sharing a co=on superscript are not significantly 
different (P > 0,05). 
Replicate Week 1-4 Week 5-8 Week Total: Week Average Number 
9-12 1-12 FrylFemale per 
Montll 
1. Farm 1 187 394 652 1233 
flake 2 244 535 733 1512 55' 
3 300 821 578 1699 
Total 731 1750 1963 4444 
2. Flake + 1 167 128 267 562 
Daily 2 281 713 617 1611 42' 
Daphnia 3 224 463 514 1201 
Total 672 1304 1398 3374 
3. Flake + 1 396 501 707 1604 
Weekly 2 178 375 438 991 49' 
Daphnia 3 237 441 728 1406 
Total 811 1317 1873 4001 
Grand Total 11819 
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TABLE 6.5. Results of analysis of fecundity (counting of embryos at ovarian dissection) of culled late 
gestation X helleri females. 
Treatment Mean Mass Mean Number Ovarian GSI Mass of 
Number * Length * of Fry * Mass Embry02 
1. Flake food 7,49 ± 0,78 61 ,78 ± 133±16' 1,34 ± 17,89' 10,18 g' 
only g' 2,11 mm' 0,27 g' 
2. Flake + daily 8,28 ± 0,93 63,33 ± 190±30b 1,65 ± 20,28' 8,81 g" 
Daphnia g" 2,23 mm' 0,20 gb 
3. Flake + weekly 7,95 ± 62,78 ± 140±30' 1,46 ± 18,58' 10,64 g' 
Daphnia 1,25g" 3,63 mm' 0,25 g'" 
* Means indicate average of measurements from 3 culled fish per replicate (3 replicates per treatment) ± SD. 
GSI = Gonadosomatic index = (ovarian mass / total body mass) * 100. 
2 Calculated as : Ovarian mass/number offry in ovary. 
Values in the same column sharing a common superscript are not significantly different (P > 0,05). 
Refer to Appendix for Anova statistics (dF, F- ratio and level of significance). 
To obtain an indirect estimate of the rate of cannibalism ofnewbom fish, the number of juveniles 
hru.vested per mm female standard length was deducted from the number of embryos present in 
the sacrificed fish. Estimates oflosses were extremely high, ranging from 50 to 70 percent of 
embryos (Table 6.6). 
TABLE 6.6. Fecundity expressed as number of young per mm female standard length (standard length 
values measured at the beginning of each month). 
Treatment Number 
1. Farm flake 
2. Flake + Daily 
Daphnia 
3. Flake + Weekly 
Daphnia 
Number Fry Harvested per 
mm Female Standard Length 
1,08' 
0.88' 
0.98' 
Number of Embryos per 
mm Standard Length. 
2,1 5' 
3,02b 
2,22' 
% Difference 
(Theoretical Losses 
in Production) 
49,76 % 
70,86 % 
55,86% 
Values in the same column sharing a common superscript are not significantly different (P > 0,05). 
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FIGURE 6.3. Linear regression of number of embryos per female standard length against female standard 
length inX helleri females fed a diet offlakefeed only. 
DISCUSSION 
The daiJy addition ofDaplmia sp. as a Iivefood supplement led to a marked increase in the growth 
rate of brood stock swordtails fed on a commercial flake feed. Despite the relatively small quantity 
of livefeed provided (11,4% of daily dry matter intake), a significant improvement in feed 
conversion ratio was noted when compared to fish fed either flake feed only, or flake plus a 
weekly supplement of Daphnia sp .. Thus while the flake diet probably provided the bulk of the 
fishes nutritional requirements, the livefeed may have served to counteract marginal deficiencies 
present in the rutificial dry diet. By contrast, weekly supplementation with Daphnia sp. provided 
no evident benefits in terms of growth, fecundity or feed conversion ratio. 
A linear relationship between standard length (size) and fecundity was demonstrated in this 
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experiment. This trend in poeciliid fish reflects the findings of Krumholz (1948), cited in Meffe 
and Crump (1987) and Milton and Arthrington (1983), working on Gambusia affinis and 
XiphophofUS helleri respectively. Moreover, when the fecundity offish of similar size from the 
different dietary treatments was compared, those fed the daily Daphnia sp. supplemented diet 
contained a significantly greater number of embryos. An increase of thirty percent in fecundity 
was recorded in the culled females examined, and from an economic viewpoint this may 
dramatically improve production, and hence profitability, provided cannibalism is controlled. It 
is postulated that improved utilisation of dietary nutrients through the presence of essential 
micronutrients provided in the Daphnia sp. , or perhaps a direct effect of these additional nntrients 
on the gonad led to this effect. The GSI of the fish fed the daily supplemented diets was higher 
than the other treatments, but the difference was not significant. However, the mean ovarian mass 
of the fish fed the daily livefeed supplemented diet was significantly greater than in those fed flake 
feed ouly. This indicates a greater partitioning of nutrients into the gonadal tissue in these fish. 
In addition to the increased fecundity per mm standard length observed in the daily livefood 
supplemented group, the final size of the female fish in this group was significantly greater, thus 
further increasing fecundity in comparison to the fish fed flake diet only or those receiving weekly 
Daphnia sp. supplementation. 
The displl1ity between absolute fecundity and hlUVested fry during the course of this trial indicates 
that losses through cannibalism of new-born young by adult fish may constitute a significant 
limiting factor in the intensive production of swordtail fish. The similar numbers of juveniles 
hlUVested from each treatment may indicate that a limited number of young could effectively take 
refuge in the shelter provided, leaving the remaining fish more susceptible to predation by adults. 
This hypothesis is supported by the observation that, with the exception of one brood where a few 
abnormal fry were found dead in the tank, no other mortalities of fry were recorded. Moreover, 
during the collection of juveniles, a number of attempts by adults (both successful and abortive) 
to prey on new born young were observed. The difference between fecundity of the culled 
females and number of new born juveniles collected indicates that the loss of production due to 
cannibaIism was dramatic, ranging between fifty and seventy percent. In research examining the 
relationship between fecundity and nutrition in another poeciliid fish, Gambusia affinis, 
Vondracek et ai. (1988) found that parental canmbalism offry led to a significant underestimation 
of fecundity. A number of explanations for cannibalism in poeciliids have been postulated, for 
example, infantophagy was found to be related to population density (Breder and Coates, 1932 -
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cited in Dahlgren, 1979} and was proposed as a mechanism for population control in poeciliid fish. 
A genetic basis for canmbalistic tendencies has also been demonstrated in poeciliid fish (Tbibault, 
1974). Hubbs (1991), however, suggested that parental cannibalism in Gambusia was simply an 
expression of normal predatory behaviour, and was exacerbated by the size difference between 
the predator and prey. Both stocking density and fish size have been shown to be important 
factors regulating the rate of cannibalism within a population. For example, in Poeciliopsis 
occidentalis, cannibalism of offspring was observed to increase at higher stocking densities, an 
observation with obvious significance for intensive culture of these species (Meffe, 1981). With 
reference to size, the relationship between the size of the cannibalistic individual and its potential 
prey is important, and in livebearers such as X helleri where the female fish is much larger than 
the male, females tend to be involved to a greater extent. In the present experiment, at a stocking 
density of 1 broodstock fish per 25 litres water, cannibalism offry was significant, and it may be 
concluded from these results that a lower stocking density in breeder tanks may be advisable 
unless alternative means to ameliorate the rate of cannibalism can be found. 
The vast majority of broods were born during the night, and fry were observed to actively seek 
refuge in the shelter provided in the tanks as soon as they could swim efficiently. It is felt that if 
more refuge (perhaps a thick mat of nylon mesh/strips) had been provided, and if fry had been 
removed at frrst light, that losses through cannibalism could have been significantly curtailed. 
Further factors which may influence the degree of canmbalism include the availability of food, and 
the provision of live food. Although livefeed has been shown to alleviate cannibalism in fish under 
certain conditions (Hecht and Pienaar, 1993), it is unlikely that the livefeed provided in the present 
experiment would have played a role. Daphnia sp. was fed in the mornings and quickly 
consumed, so that no livefeed would have been available as an alternative prey to the new born 
fry in the early hours of the morning. Increasing the feeding rate and frequency to ensure optimal 
satiation feeding may possibly reduce the aggressive predatory behaviour leading to cannibalism, 
but further research on poeciliid behaviour is required. 
A consideration stemming from the high levels of cannibalism in this study is the additional 
nutrition obtained by the breeding adults through ingestion oflive young conspecifics. Meffe and 
Crump (1987) tested the hypothesis that cannibalism has nutritional benefits with respect to both 
growth and reproductive output in G. ajjinis. They suggested that intraspecific ingestion of 
78 
young was the equivalent offeeding an ideal "pre-packaged" feed item. They demonstrated that 
female Gambusia fed on a flake diet supplemented with tissue of conspecifics increased both 
growth and reproductive output, when compared to a control Since the fish in the daily Daphnia 
sp. supplemented treatment apparently exhibited the highest level of cannibalism, this source of 
nutrients may have further enhanced their growth rate and fecundity. 
Embryogenesis in the swordtail, as in other livebearing fish, is temperature dependent with the 
interbrood interval being determined by the length of time between the birth of a brood and 
subsequent ferti1ization of the next clutch of eggs - the yolk-loading period. The average 
interbrood interval for all females in this experiment was 5 weeks at 26,5°C, which corresponds 
with the results of Siciliano (1972) who measured the reproductive cycle of Xiphophorus sp. to 
be 35 days at 24 ± 3°C, with an actual gestation period of27 days, and fertile eggs available in 
the ovary for 11 days. 
In conclusion, this experiment has demonstrated that by feeding a daily supplement of Daphnia 
sp. as livefeed to X helleri broodstock maintained on an artificial flake diet, a significant potential 
increase in production may be realised. This was due to an increase in fecundity as a result of 
more rapid growth and hence larger size of females, and a higher number of embryos per mm 
female standard length. A further benefit was the improved feed conversion produced by the 
livefood-supplemented flake diets. However, it was inferred that parental cannibalism of newborn 
fry was common, and in order to realise the benefits of increased fry production through a 
balanced diet, measures should be taken to eliminate this phenomenon. Suggested methods 
include: 
- provision of sufficient and effective refuge for fry in breeder tanks 
- regular monitoring of tanks and removal of new born fry, especially at first light 
- frequent and, where possible, satiation feeding. 
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CHAPTER 7 
CONCLUDING DISCUSSION AND RECOMMENDATIONS 
The specific nutritional requirements of ornamental fish species have long been neglected, and 
only recently, with the recognition of the role of nutrition in coloration, health and longevity of 
these fish, have nutritional studies been undertaken. 
Aquaculture research principles and techniqnes, adapted from studies performed on food fish such 
as trout, salmon and catfish, were applied to the swordtail, Xiphophorus helleri, in an attempt to 
identify the nutritional requirements of this species under intensive aquaculture conditions. In 
many ways this project was exploratory and tested whether these methods could be successfully 
extrapolated to ornamental fish species. 
In view of the trend towards intensification in ornamental fish farming in South Africa, and the 
feeding of "complete" artificial diets, a great deal of the nutritional technology and theory 
developed for aquaculture of food fish species is directly applicable to ornamental fish. However, 
the criteria upon which the market judges the quality of ornamental and food fish differs in certain 
key aspects which have implications regarding nutrition, and are illustrated by the present results. 
As feed costs constitute a major proportion of overall production costs in food fish aquaculture, 
emphasis is on maximum growth rate in the shortest possible time, with optimal efficiency of feed 
conversion. While used as an indicator of the nutritional quality offish diets in the present study, 
feed conversion ratio is not an important economic indicator in ornamental fish culture. In 
ornamental fish, while size is important for marketing, more important is the quality of fish in 
terms of aesthetic appearance, in particular colour, as well as health and ability to survive 
transport stress. As feed forms a relatively small part of production costs, after water, labour and 
transport, this project demonstrated that it may be practical, in ornamental fish culture, to include 
more expensive dietary ingredients in dry feeds. This together with greater utilization of live feeds, 
may serve to improve production, and enhance the final quality of the marketable fish. 
In both food and ornamental fish species, knowledge of their dietary essential amino acid and 
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protein requirements is essential in order to formulate diets which promote optimal growth using 
conventional feed ingredients. In the present study, using a protein source balanced in terms of 
its amino acid composition with respect to X helleri, juvenile fish achieved optimal growth on 
a high protein diet (45% dry matter) with an estimated protein to energy ratio of over 27 mg 
protein per kJ digestible energy. This finding corresponds to requirements previously determined 
for other warm water omnivorous fish. Although a clear relationship between P:E ratio and 
growth rate did not emerge in the present study, the "protein sparing" effect is not as important 
in ornamental fish farming as it is in food fish as protein costs constitute a relatively small 
percentage of overall operating expenses. 
Although aquarium fish have traditionally been fed on drum-dried flake diets, due to their 
palatability, buoyancy and aesthetically pleasing appearance, the present study demonstrated that 
growth, feed conversion and survival of juvenile swordtails were all improved on a crumble type 
feed, similar to that used in the rearing of juvenile food fish. Significantly, vitamin C deficiency 
symptoms, which occurred in the fish fed flake diets, were absent in fish fed crumbles. Although 
heat treatment during drum drying of flake feeds resulted in the destruction of heat labile 
nutrients, including vitamin C, these losses were relatively insignificant when compared to the 
leaching losses which occurred upon inrmersion of flake feed in water. 
The feeding of live feeds is generally not considered cost effective in food fish culture beyond the 
early juvenile stages. Due to the small size of poeciliids and other ornamental species, the 
nutritional advantages of livefeed supplementation may outweigh the costs involved, and the 
present study has shown that livefeed supplementation may be justified in ornamental fish culture 
throughout the production cycle. Where one in three meals of flake diet per day was replaced 
with live Daphnia sp., significantly improved growth and survival of juvenile swordtails was 
observed. Furthermore, vitamin C deficiency signs were prevented in the fish receiving Daphnia 
sp .. While the bulk of the fishes energetic and protein requirements were apparently satisfied by 
the artificial diet, it is suggested that the provision of vitamin C and other essential micronutrients, 
essential amino acids and possibly essential fatty acids played a synergistic role in enhancing 
utilisation of the diet. Much research has been carried out demonstrating the role of adequate 
dietary vitamin C on the inrmunocompetence of fish, particularly where these are reared 
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intensively. Resistance to handling stress, diseases and parasites is depressed in fish fed vitamin 
C deficient diets, and in view of these observations, the use of live feed supplementation is further 
justified. The intensity of pigmentation, often a deciding factor in the choice of an aquarium fish, 
was also markedly enhanced in those fish fed exclusively on Daphnia sp., however it would not 
be practical to feed only livefeed to intensively cultured ornamental fish. 
As in any type of livestock farming enterprise, the breeding individuals form the backbone of the 
entire operation, and as such the value of brood stock fish should be recognized. Within the scope 
of the present project the only aspect of brood stock management addressed was nutrition, which 
was shown to playa significant role in productivity. Daily supplementation of dry feed with 
Daphnia sp. in broodstock fish significantly improved growth and fecundity, and a direct 
correlation was demonstrated between fecundity and size offemale fish, demonstrating a major 
potential improvement in fish yield. Furthermore, parental cannibalism of newborn fish was 
shown to be an important limitation in production. More intensive management of brood stock, 
including the use of smaller breeder tanks, increased refuge for newborn, and immediate removal 
of young from tanks may help restrict these losses. 
The results of this research demonstrate the significant production benefits derived .from correct 
nutritional balance and presentation of artificial dry feed, together with regular supplementation 
of diets with livefeed. As X helleri is typical of the poeciliid fish commonly produced, it is likely 
that these recommendations may be successfully extrapolated to other livebearer species. It may 
thus be concluded that by optimising nutrition, the production and profitability of farms engaging 
in intensive culture of X helleri and other poeciliids could be markedly enhanced: The production 
of a crumble-type diet specifically for poeciliids and the provision of a regular supply of Daphnia 
for supplementary feeding should be considered a matter of priority on existing commercial farms 
in South Afiica. A feasibility study focusing on the manufucture of a suitable crumble diet, and 
production of Daphnia, is recommended. This should include a comprehensive cost / benefit 
analysis and take into account the capital expenditure, labour, training and production costs 
involved. Direct benefits of optimal nutrition such as increased growth and fecundity / production 
of fish should be considered as well as indirect effects, including improved health status and 
coloration. 
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To date, lack of scientific research and development within the ornamental fish industry in South 
Africa has hampered rapid progress in terms of number of species, quantity and quality offish 
produced. With increasing awareness within the South Afiican aquaculture community of the 
importance and potential of the ornamental fish trade, an increase in both funding and the number 
of specialists working in this discipline is inevitable. The success of the present project in defining 
effective nutritional management techniques for X helleri, using research methods adapted from 
established food fish studies, will hopefully serve to stimulate further work in this field. 
Considering the number and variety of ornamental fish species currently produced, and the 
number of potential species, huge scope exists for further research into nutrition and reproduction. 
83 
Table Number 
3.2 
4.5 
5.3 
6.3 
6.5 
6.6 
Parameter 
Final mass 
Feed consumed 
Protein consumed 
DE consumed 
FCR 
PER 
Final mass 
FCR 
Final mass 
FCR 
PER 
Mortalities 
Final mass 
Final length 
FCR 
Number offry 
Ovarian mass 
GSI 
Frypermm 
Embryos per mm 
APPENDIX 
ANOVA STATISTICS 
8 
8 
8 
8 
8 
8 
3 
2 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
elF 
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F - ratio 
5,729 
9,149 
999,99 
72,409 
7,463 
3,751 
22,223 
40,482 
3,804 
14,614 
35,433 
8,167 
27,643 
19,620 
9,831 
12,411 
3,721 
1,044 
0,299 
11,850 
Significance Level 
0,001 
0,0001 
0,0000 
0,0000 
0,0002 
0,0094 
0,0003 
0,0003 
0,0380 
0,0013 
0,0001 
0,0081 
0,0009 
0,0023 
0,0128 
0,0002 
0,0391 
0,3675 
0,7521 
0,0003 
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